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jDUCTi sk::. ~s sr ^matica] iodifisi: 

STARCH 

XE?^EMX.CAL....EIELI2 

This invention is concerned with a method for production of. 
maltose and/or an enzymatically modified starch, whereby starch 
(either raw starch or gelatinized search) is treated with a 
maitogenic amylase variant. In this content maltose syrup covers 
various types of maltose syrups, such as Low Maltose Syrup., High 
Maltose Syrup, and Ultra High Maltose Syrup, as will he 
described further below, The invention also relates to producing 
speciality syrups, and sizing of paper. 

. Maltose is a disaccharide , which is used in hugs amounts in the 
candy industry. Maltose does not crystallise easily, in 
contradistinction to, e.g., glucose, which is able to crystallise 
even in the presence of impurities in high concentrations. 
Maltose is not able to crystallize and thus to be purified 

5 further, unless the maltose used as a starting material exhibits 



searches such as corn, potato, wheat, manioc and rice stares are 
used as the starting material ere 

production or sugars, such as high fructose syrup, high Sisisose 
svrso, mal iodsntrics , arc/lose, G4--GS oligosaccharides and other 
carbohydrate products sue;; as far. reel seers. 

Maltose has also other applications, e.g., as the active 
component of int. rav nous 5 < : Liquid; intended tot provision 
Of sugar for the patient and as a component in f roses deserts 
(due to the fact than the crystallisation ability of. maltose is 
very little}, in tun baking n 5 brt -una industry, arc for 
production of oaititoi, which can he used as a sweetening agent, 
like sorbitol, voce Glycose sirups. Science and Technology, 
tTsevier nop A rod Science Publishers 1S84, pages 11? •■ 135, 
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Below is given a aummaxy of the process steps commonly used in 
the production of maltose; 

D.ugxa i a La 

Starch usually consists of about 80% amylopectin and 20% 
any loan .." lopectm • t: 3. v. chad t o\ rchari 1 1 which 

linear chains «~1,4 D- glucose residues are joined by orX>6 
gluoosidic linkages. Amylopectin is partially degraded by «~ 
amylase, which hydrolyzes era-.- *~c > linkages to 

produce branched and linear oligosaccharides. Prolonged 
degradation of arty 1 ope o cm by a- amylase results ~ the formation 
of so-called limit dextrine which are not. susceptible to 
further hydrolysis by the a- amylase . Branched oligosaccharides 
can be hychtolysed into linear oligosaccharides by a debranchiag 
enzyme, The remaining branched oligosaccharides can be 
depolymarised to D- glucose by glucoamyiase, which hydrolyzes 
linear oligosaccharides into D~ glucose. 

Amyioss is a linear polysaccharide built up of D-giucopyraaose 
units linked t ogee her by cc-1,4 gluoosidic linkages, hoy lose is 
degraded into shorter linear oligosaccharides by a -amylase, the 
inea ?ossccharia c erased into D-< by 

glucoamylase. 

In the case of converting stares into a sugar f the starch is 
depoiymerised. The depoiyoerisation process consists of a 
pro treatment step and two or three consecutive process steps, 
- 1 a - a cioi 1 a sacchard £i cation process and, 

d-peading on cue desired and product, optionally an 



.orccx.cn 



insoluble in water at room temperature. Phen an aqueous starch 

slurry is heated, the granules: swell and eventually burst, 

dispersing O ~ staj r.oloc 1« nto Che solution Duri this 

'V- i ni;:at-C: puce rbete is drama t : N - in 



viscosity, A3 the. solids Level is 30-40% in a typical industrial 
process,, the starch has to be chinned or "liquefied" so that 
it can be handled. This reduction in viscosity is today mostly 



During the liquefaction step, the long-chained starch is 
degraded into smaller branched and linear units f trial codextr ins) 
by an a-amyiass (e.g. Termamyl'™, available from Movo Nordisk 

io A/8,. Denmark) . The liquefacrd.cn process is typically carried out 
at about I05-I10*C for about S to 10 minutes followed by about 
1-2 hours at about 95 C C. The pH generally lies between about 5.5 
and 6.2. In order to ensure an optimal enzyme stability under 
these conditions, calcium is added, e.g. 1 mM of calcium (4 0 ppm 

is free calcium ions; , After this treatment the liquefied starch 
will have a " dextrose equivalent" (DS) of 10-15. 

After the liquefaction process the maitoaextrins are converted 
20 into maltose by addition of a p~ amylase and a debranching 
enzyme, such as an isosmylsse (see e.g. US Patent No. 4,335,200} 

reduced to a value below 4.5, e.g. about 3.8, maintaining the 
2& high temperature (above 95°C) for a period of e.g. about 30 min. 
to inactivate the liquefying a- amylase to reduce the formation 
of. shore 1 - called "panose precursors ' ' which 

cannot be hydrolyted properly by the debranching enzyme . 

30 the temperati t 5 en ic v.. N t; 60°C j> amylase and 

Ik i v. , > 5i ? - 

proceeds for about 24 - "?2 hours. 

which cannot be degraded by pa hi ul erases . If active amylase iron- 
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the liquefaction step is present during saccha r i £ i ca c ion {i.e. 

no denaturing) , this level can tee as high as 1-2% or even 

also preferred that the a -amylase is one which is capable of 
d »g ra lit tg t he s o'.h 

oligosaccharides (such as, e.g., ths ungamyl«-like a 5 5 

rather tb - . 1 d 5 i s 

It will foe apparent from the above discussion that the known 
ret co; ' - \ 5 as of steps, 

of e.g. temperature and pH. It: would there fore ha desirable to be 

process could be performed in a more economical and efficient 
manner. One possibility in this regard is to substitute (or 
reduce the amount of} the {!-• amylase used in the saccharif ieat ion 
step; with a maltogenic amylase {vide infra) with a higher 
thermostability than the commonly sed amylases. 

Tea- o < < 1 s ' v ■> 1 i 

using such thermostable malcogenie amylases, which provides a 
number of important advantages which will be discussed in detail 
below . 

A method tor producing maltose end a limit dextrin is disclosed 
in WO 95/10627. 



b first aspect 1 1 06 for 

*~ - - - ^ " ni the 

following steps; 



ia v 1 nc - i.:ui"0 aha gsq a po s 1 

aC „ J b, i s 1 -1 _ „ 
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a? has raalcogsnic amylase activity; 

b) has at least 7G% identity to position 1-686 of SEQ 
ID NO; 1, and 

c) has optimum mai oogenic amylase activity in the pH 
s range 3.5-7.0; and 

II} optionally recovering the maltose and /or the modified 
starch. 

10 In a second aspect the present invention relates to a modified 
starch obtainable by the method according to the invention. 

Ill a third aspect the present invention relates to a process for 
surface--- si sang and /or coating paper, wherein paper is treated 
.u> with an aqueous size or coating Liquid that contains the modified 
starch of the invention. 

In a fourth aspect the present invention relates to paper 
obtainable by the process of the invention. 

In a fifth aspect the present invention relates to a food product 
comprising an emulsion containing the modified starch of the 
invent ion > 

m In a sixth aspect the present invention relates to a beverage 
flavour concentrate comprising an emulsion containing the 

flavc 3: age ompris emu Is cent he. mod id 

rs starch of the invention, 



When used in the present context, the term "modified starch" is 
3S inte ded to cove rc ?.s been std ecu 3 * t 

rmltogenic amylase m ea ■: meat . 
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In one aspect the purpose of the .invention is the provision of a 
method for production of maltose, f 9 
s > ip with ... purity of more cha 

cosnparison to the prior art. - - N < ^ vl v< 

In one interesting ernbodim-srit of che invention, the starch is 
created with t ma ■ h nperatur< 

•0 which is be ; 10 the lowest temperature at which raw starch is 

gelatinized, i.e. the starch to he treated is raw starch, such as 
raw waxy rnai.se starch. Typical treatment temperatures are above 
£G°C, such as in the range of from SO to 8 0 c Ci dependent on the 
temperature optimum of the enzyme . Preferably the temperature is 

t 5 v t r v. in the i from 65 to 

7S»e f e.g- in the range of from 65 to ?0*C. 

20 practitioner desires to produce maltose or a modified starch, 

which in turn may be used as a fat replacer or as a siring agent, 
the reaction conditions, typically the reaction time, are 
adjusted accordingly. If, for example, maltose is che desired 
product (which is most often the case)., the reaction is continued 
until the limit dextrin is obtained !ses above;, i.e. in one 
interesting embodiment of the invention che modified search is a 
limit dextrin. 

Independent of whether the reaction actually produces a modified 
as starch which is, or which is not, a limit dextrin, the produced 
maltose and/or the modified starch may be recovered from the 
reac t A on mi x t are - 

In one preferred embodiment of the invention the recovery is 
3S performed by ultrafiltration. However, other methods commonly 
s - s&i ~~v % arg gt 

Cx v \ 1 ~ , - „ ' 
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skilled in the art. 

In 1 t t and 

the modified starch (e.g. in the form of a 1 itnit dextrin) is 
produced as the solid phase by I iquid-soiid separation of the 



As indicated, the recovery of. maltose is carried out as fox .lows. 
After treatment of the raw starch the solid phase and the 
supernatant therefrom comprising mainly oligosaccharides and 
maltose is subjected to an i ,U rfiltra> xcn which yields a 
permeate, the dry matter of which contains more than 90%, 
preferably more Chan 9S%, more preferably 97%.. even more 
preferably more than 99% of maltose. Centrif ugation or filtration 
of the unreached raw starch can be carried out in a step before 
the ultrafiltration step, if wanted, in a preferred embodiment, 
the ultrafiltration step is carried out simultaneously with the 
treatment of the raw starch with the raaltogenic amylase variant, 
and the temperature is above 40*C. In this manner the process 
time can be reduced, and also, the yield of the maltose in the 
permeate is improved. 

It is is 
able to qrve .rose to a degradation product of raw starch, which 
■. consists oi a mixture t£ t tose and high moiecuia:i 
oligosaccharides, which mixture by simple ultrafiltration gives 
rise to a permeate with a dry matter consisting or more than 90% f 
preferably more than 95%, core preferably 97%, even more 
preferably cure than 9 9% or maltose . 

It goes withe & i t the p nring the method should I at 
or in the vicinity of the pK optimum of the maltogsnic amylase 
varinat used for the production of maltose. 

s Due to, e.g the hxghso t&rmoaUdjii \ : .'1 the rent angle tec 

is invention cars be 
carried out at higher temperatures. This is evidently 
advantageous . 
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Also, according to the invention it: has been found that the 
modified starch, which prima facie would he considered a waste 
product has applicability as a fat. replaeer zr> foods.. Moreover., 
it is contemplated that the modified starch has applicability as 
a sizing agent for surface -si zing and/or soaring of paper. Other 
applications include emulsions containing the modified stares, 
food products containing such enulsicns as well as 



uisions . 

A preferred embodiment of the method according to the invention 
is characterized by the fact chat the raw starch is waxy maize 
starch. With waxy maize starch a high yield is obtained, and 
also, the reaction proceeds smoothly, due to the fact that the 
viscosity of the reaction mixture is lew. 



beer; 



■ cents u s £ nts of. 

maltogenic amylase having the amino acid sequence shown as am 
acids 1-686 of SSQ TO HO; 1 and this particular enaytj 
described in the paper i; Properties and application of a 
thermostable, maltogenic amylase, produced by a strain of 
Bacillus modified by reeonhiinant-PSA techniques 11 by Heiie Outtrup 
and Barrie £. Gorman of Novo Nordisk A/S, Die Starke, 1.5 U9B4) , 
405-411. No maltogenic amylase variants are mentioned. Variants 
contemplated for used in any of the methods of toe invention are 
described more detailed below. 



In , second interests q - bod imam of invention the starch is 

gelatinized before the enzymatic treatment step. Due to the 
contemplated higher thermostability of the maltogenic amylase 

it is envisaged that the treatment with the maltogenic 
va- - *- r t ^w~f *5 1 in 

particular above 70«C, such as above 75*0, e.g. above a (PC, 
preferably above 85*0, more preferably above 90*0, such as above 
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Thus a; <\l. t ; : iged by th - lea person, this opens 

up the possibility that the reatmsnt ^ id malt enic urn » < 
variant can 

t wit the ait enio ars 
also be carried out after the liquefaction step, e.g. during the 
saeehari float ion step. 

In a similar way as explained above, the desired products, i.e. 
the maltose and/or the modiiie'J eard; > ? > w.h x ^ limit 
dextrin) snay be recovered by methods known in she art. In a 
preferred embodiment .. the recovery is curried cut by 
ultrafiltration as explained above. 

Also, the invention comprises the modified starch, e.g. the limit 
dextrin, prepared as in the method according to the invention. If 
for some reason, the limit dextrin in a specific context is the 
important product, and the maltose is of no significance, the 
ultrafiltration is unnecessary, as trie limit dextrin can be 
produced directly after the arnylolytie degradation by solid- 
liquid separation of the amyloiytio degradation mixture and by 

v. i t <■ t ^ , v. ' " v * * l "it 

characterised by the fact that the ratio a-1,4 bonds/a -- 1 , 6 bends 
is smaller than for tne raw stared (which is consistent with the 

tc e t! <. sst 

it is very cheap. 

The invention vbli be explained in f.urcher details below, where a 
detailed, d b the procs % 

preparing various ~ pes z fed ose & z ps re ^ plained Is 
general, the content of dry substance IDS) in the starch slurry 
it> cvC, "„> ; " *■ N e l> vr -a - .u . ^. 

to this invention advantageously can have a value 
between 10-30%, preferably between 20-40%. 
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Maltose Syrup production, using cialtogenic amylase variants 
ftccorc 5 :,^ to the in * 
further below) way advantageously foe used for producing a number 
5 of maltose syrup products, such as a Low Maltose Syrup, a High 

To produce Low Maltose Syrup starch is liquefied to a DE of lo- 
se- 0. The te;nj -s ed cnustad 

D a - * <. as 120 
L, 20 0 g/c DS) for IS -42 hours \ „ ^ ' v 

is desired saccharide spectrum to he achieved, 

Uiie dose of <x~ amylase activity (e.g., Tarmamyl™} influences? the 

in higher level. Further, the k <. > the ma sqm 
20 activity influences the composition so that a higher dosage 
t x in ^nl i e >\v v i mai ) s e t a Isw 

maltotriose level. 



nl.te.ee}. 

2 5 To produce High Maltose Syrup starch is liquefied to DM 10-20. 
The PH and temperature of the liquefied starch is adjusted to 
6:°v. ,o J t . v i x \ ,u-; .o . i r - * 

=s U v. - - - N 1 ^ •* *- ~^ 

pullulanase activity (e.g., Promozyme^ 600 L, 0,3 1/t DS) and «- 

30 amylase activity ie.gu , BAP 240 L or Termamyi™ 120 L, type LB, 
0,4 kg/t DS r 24-4 specific process time depenc 

on the desired saccharide spectrum ma Co achieved. By increasing 
the dosage of the ma isogenic amylase and pullulanase the maltose 
cent act can he increased. 



alternative Hath hdtt Syt ma > p> sduced bs firsu 

Liqus /i ; steuc :;• £ - ane ~ter : „ in the pH and 



wo nim4$ 
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temperature to 55- : C and a pK around S.S, respectively, and 
subjecting the liquefied starch to a fungal a -amylase activity 
{e.g., Fungamyl 1 * SOOU for 32-44 hours. The dosage of fungal ot~ 
amylat - s the saecharif ication t irce foreseen, e.g., 200 

5 g/t DS for 44 hours* and 4 00 g/t DS for 22 hours, 

65% starch is liquefied to DS 10-20. The pH and temperature of 
the liquefied starch is adjusted to €0*C and to a pH around 6, 
io respectively, and is subjected to ma.lt cgenic amylase variant, 
activity (e.g., -1000 MMRJ/g, Q.2B-I.0 1/t DS) , and fungal or 
amylase activity (e.g., Fungamyl™ SOD L., 0. 4-1,0 kg/c DS) for 24- 
48 hours. 

is Alternatively, the liquefied starch may adjusted to a temperature 
of S5°C and a pH around 5,0 and subjected to maltogenie amylase 
activity (e.g., 4000 NiANU/g, 0.5-1.0 1/t DS} , and pullulansse 
activity (e.g., Promote™ 600 L, 0.5-1.0 1/t DS} for 18-42 
hours. 

8h 

mal.tQC.eh 

To produce a Ultra High Maltose Syrup starch is liquefied to a 
DE of max. IG, DS-30%, The pK and temperature of the liquefied 
25. starch is adjusted 5S-C end a pH around 5.5, respectively, and 
is subjected to a maltogenic amylase activity {e.g. , 4000 MANU/g, 
1..S i DS) , p-uilulacass activir.y e r Promocyma'^' 600 L, 1 1/t 
DS) and malt extract (1500° Lintner) 1 kg/t DS, for a period of 

- , _ - - r^. u- , 1 1 i .i^ . v . ■ v ' 

Speciality Syrup production using Maltogenic amylase variants 

article -'New Speciality Glucose Syrups " f p. SO*, in the 
textbook ' ' Molecular St rut cute and Function of Food 
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2a rb 1 - 1 - E4i 1 i - - and r 3ree:c Apple 1 

Science Publishers LTD., London!. Typically Speciality Syrups 
have a DB in the range from 35 to 45. 

Speciality Syrups airs used in the brewing industry as a 
supplement to the beer wort (adjuncts; . The main purpose for 
adding these syrups is to provide fermentable sugars to the 
yeast , i.e., glucose, maltose and maltotriose. The presence of 
higher oligosaccharides is, however, also important in supplying 
body and flavour to the beer. Due to different traditions in the 
brewing industry the use of adjuncts is not accepted all over the 
world, i.e., Europe and Japan still favour old fashion brewing 
practices, Furthermore, the desired carbohydrate spectrum of the 
adjunct syrup is highly variable. Whereas, some brewers want a 
syrup with equal amounts of glucose and maltose, others prefer 
one with very little glucose, i.e., high maltose syrups, 

In an aspect of the invention an immobilised maltogenie amylase 
variant raa\ 3 used for th« production of 

Speciality Syrups, e.g., for brewing. The Speciality Syrup can be 
produced by adding, e.g., an about 40 DS enzyme liquefied starch 
to an immobilised maltogenie amylase enzyme column. The starch 
substrate may be made by liquefying starch with an «~ amylase at 
95«C/1 hour followed by 3Q«C/24-48 hours to a final DB of 

31' k n n r 1 ;>„ 

method know in the art. One method is described in the following; 

The «< ~ £ " -t " ' " . - ~" " ~ 1 — ~- 

vio" ^ - - w.c» u,f > n or - ,n <.~n -a - 

albumin {extra inert protein) . 15 g albumin is stirred with 150 g 
deionised water and 25 Q g enzyve solution is added (8 g of enzyme 
in water or filtered fermentation broth). pH is adjusted to €,5. 
8% gintardialdehyde is added (Ww on DS of enzyme •:• albumin, 
using a 50% glutardiaidehyce solution; , followed by 10% FBI (Ww) 
on DS ; enzyme * albumin, 30% PEI solution; and IC-r 
t j t to (w/w? on DS (enzyme ♦ alienor; . Si i. additions 
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are made slowly under heavy stirring and cons 

% is filtered through 6 sheets ox gaze, wrung a 
extruded through a sieve. The granulate is dr 
temperature and sieved. The fraction 300-1000 
, i \t ate are ci 

io Finally, the invention comprises the use of the limit dextrin of 
the invention as a fat replace r in foods. It has been found that 
this very cheap limit dextrin can be used as a fl.t uduM, 
which exhibits the same good organoleptic properties as 
traditional fat itr , - JUsi, the > _t dextrin according to 

is the invention can be used in confections with a gum structure, in 
soft drinks, in viscous dairy products, and as a carrier for 
dried liquids as well as a paper sizing agent. 

M&ltdgenic amylases 

20 As indicated above, a ma'itogenic amylase {glucan 1,4~«~ 
j „ ^ ] v > < - > * _ ' % itl- a nd 

amylopectin to maltose in the alpha -configuration . Furthermore, a 
maitogsnic amylase is able to hydrolyse maitotriose as well as 
cyclodeixtrin , 

A maltogenie amylase from Bacillus (HP 120 S53) is commercially 
available from Novo Nordi.sk A/8, Denmark and is widely used in 
the starch industry. It is most active at 60-?0»C 
(Chriscopherssr. , Cu , at ai , . l?37, Starch, vol. 50, No, i .. 39- 
30 45) , This particular maltogenie amylase has the ammo acid 
sequence shown as amino acids I.--6S6 of SEQ ID NOtl. 

' -c >~ , - it ' a- i- „ v.- <■ 

characteristics with cyclodextrin giucanot. ranaf erase.-; (CGTases) ... 
35 including sequence homology ' 1 -ru B , , Eairoch A. 1996) and 

formation of transgIycosylati.cn products iChr istophersen, C f et 
si., 1937,. Starch, vo.'. . Si,. :t; . 1. 2»~4Sj. Cyclonai todextrin 




nd the dry mass 
led at room 
mm is used. Yields 
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giueanotransf erase (E.C. 2.4.1.19;, also designated cycloaextrin 
gl seanot r ans f erase or cyeiodertrin glycosyitransferas-i;., 
t e ate erein as CGTas - - t - tare! 

and similar substrates into cycloTt5aItodex.tr ins via an 
■> Intramolecular transglyecsylation reaction, thereby forming 
cyclomaltode.xtr.ins (or CD) of -various sizes, 

Ac meat oned dbo\ < ( ~ classified in 

:u> reducing end on the substrate and the primary enzymatic activity- 
results .un the degradation of ana-dope ct in and amylose to maltose 
1 longer malt oci < and 

) J > v. . ^ ! ~ 1 U ' <* - 

able to hydrolyse maltotriose as well as cycloaextrin , 

is 

\ t a- -5 be 

prepared is the amylase cloned from Bacillus as described in EP 
120 693, which has the amino acid sequence set forth in amino 
acids 1.-686 of SSQ ID NO;! . This maltogenic amylase is encoded in 
20 the gene harbored in the Bacillus strain KfCTB 1183? which has the 
nucleic acid sequence set forth in SSQ ID mil. The three- 
dimensional structure of the above-mentioned maitogeruc amylase 
is described he lev/. 

25 in general, a preferred maltogenic amylase should have one or 
more of the following properties; 

1; a thre< Lmensic :tu> jgy fa the 

maltogenic amylase shown as amino acids 1--S6S of SEQ ID 
30 NO; I, 

ii} ~ „ \*~ a-ivr^ 

>ix (i x" „s _ *> * ~ t 1 to 

amino acids 1-686 of SSQ ID NO Ob preferably at least 80%, 
an .least SS%, at least 90%, at .east 92%, a I icon- 95%, at 
3S least 96%, at least 97%, at least 98%, or at least 99%, 

iv) -y sm ma.lt to at " the range pi 

preieracly in the range pH -\ biS. 



%vomnm9 
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Tfarse -diaamsional strudtars of m&ifcogessie aasylasa 
The structure of maltogenic amylase having the aroino acid 
sequence shown as amino acids 1-68S of SSQ ID NO : l is made up of 
five globular domains, ordered A .. 8, C, D and E. The domains can 
be - ' i 

residues 133-203 for Domain 3, residues 40s-49S for Domain c\ 

wherein the numbering refers to the amino acid sequence in SEQ ID 
NO: I , Features of Domains A, B, and C of particular interest are 
described be lev;. 

Domain A is the largest domain and contains the active site which 
comprises a cluster of three amino acid residues, D32S, D22S and 
£256, spatially arranged at the hot com of a cleft in the surface 
of the enzyme. The structure of Domain A shows an overall fold in 
common with the «~ amylases for which the structure is known, vis. 
the (beta/alpha) 8 barrel with eight central beta strands 
(numbered 1-8} and eight flanking a -helices. The ^-barrel is 
defined by McGregor op. cic. The C- terminal end of the beta 
strand I is connected to helix 1 by a loop denoted loop 1 and an 
identical pattern is found for the other loops, although the 
loops show some variation in size and some can be quite 
extensive . 

The eight central beta- strands in the (beta/alpha? 8 barrel 
superimpose reasonably well with the known structures of CGTases . 
This part of the structure, including the close surroundings of 
the active sits located at the C- terminal end of the 
bet -st 5 nd ss.^s ho k ree tf. -ueuui y \ ti 0 sees, 

helices or splay a high degree of variation from the known 

* f- 'a . - - i t f ' 1 - o 

context of the active site, and the. majority of the contacts to 
the substrate is found among residues located in these loops, 

os such o«s > r pun- 
s'-; 3t::ate s ceding sa ,=n: r;y profile, subs t vane cleavage 
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pattern, and the like, are determined by specific amino acids and 
the positions they occui 

amvlase havinq the amino acid sequence shown as amino acids 1-686 
of SEQ ID HO ; 1 ,• Domain A contains two calcium binding sites., one 
of which is homologous to the calcium binding site in CSTasas; 
the other is unique to the maltogenic amylase having the aan.no 
acid sequence shown, as amino acids 1-686 of SEQ ID NO j I . The 
structure of the calcium binding site is discussed further below 
in the section "Calcium binding sites," 

Domain...* 

Domain E also referred to as loop 3 of the (beta/alpha) 8 
barrel, in comprises amino acid residues 133-203 of the amino 
acid sequence shown in SEQ ID DO: I . The structure is partially 
homologous to the structure of Domain 8 in COTsass, the most- 
striking difference being the presence of a five amino acid 
insert corresponding to positions 191-195 in the amino acid 
sequence shown in SEQ ID KOu 1 which is not found in the CGTases. 
This insert is spatially positioned close to the active site 
residues and in close contact to the substrate, 

Domaixrhb. 

Domain C in the maltogenic amylase having the amino acid sequence 
shown as amine acids 1 655 ct SEQ I- hVh comprises s;uno und 
residues 404-436 of the amino acid sequence shown in SEQ ID DO ; 
1. Domain C is composed entirely sf a -at. rands which f era; a single 
8 -stranded sheet structure that folds hack on itself, and thus 
may be d hr : 5 ? 

A -sheet forms the interface to Domain. A. 

Dalcdca^bcndina...ji.l.f. 8 ;s. 

The structure of the maitca:enio amylase exhibits three calcium- 
binding sices; that is., three calcine ions are found to he 
present an the structure. In common with, most of the known family 
13 structures, one calcium ion is .located between the A and 8 
domains. This calcium ion is coordinated by a oachbona casbonyl 

; i nl i 232 t deeds in atoms from Asp J 98, a 

sideehain atom from &snl31, and three water molecules VS. 
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A second calcium ion is located in the A domain and is common to 
CGTases, but not found in a -amylases- The calcium ion is 
coordinated by a backbone carfaonyl atom from Giy48 and Asp2 3, a 
sideehain atom from AspSO, a sideehain atom from A.sp2 i , a 
sideehain acorn from Asn2S, and a sideehain atom from Asn27, and 
one vat e;: \ le< d.e . 

tbe trial, togenic amy la " as 

sideehain atom from Asp? 9, a sideehain. atom from Asp? 6, a 
sideehain atom from GlulOl , and one water molecule. 

Parts of the loop discussed above in the context of domains A and 
B are of particular interest for substrate interaction and active 
site reactivity. In particular, in domain A, residues 37-45 in 
loop I, residues 261-266 in loop 5, residues 327-330 in loop 7 
and residues 370-376 in loop 8; in domain B, residues 135- 145 in 
loop 3, residues 173 •• 180 and 188- 3.96 in loop 3, wherein residue 
positions correspond to the amino acids in the amino acid 
sequence in SEQ J D NO; I. 

i : s ,^ I -i-c i it. is presex'itly believed 

~ < ,. 1 , no n . 

favorable interactions found within a sphere of 4 to S A between 
the substrate molecule and the enzyme, such as hydrogen bonds 
and/or strong electrostatic interaction. The following residues 
of the maitogenic amylase (SEQ ID NO; 1} , are within a distance 
of 6 A of the substrate HEX and thus believed to be involved in 
interactions with said substrate : 

44 i 89, 90, 92, 33, 127, 129, 132, £35, 177, 178, 188, 191, 194, 
196, 226, 228 f 229, 230, 231, 232, 256 s 238-261, 288, 328., 329, 
371, 3? l*t ' i and 690. 

The following residues of the maitogenic amylase having the ammo 
acid sequence shown as amino acids 1-686 of SEQ ID NO; I are 
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within ad < * > * 

to be involved in interactions with said substrate 

90, 52, 93, 129, 132, 177, 188, 189, 190,. 191 , 196, 226, 228, 

229, 231, 232, 256, 258, 2S9, 260, 261, 326, 329, 372, 376, and 

690. 



Homology building of rssltogenie amylases 

A model structure of a cnaltogenic amylase can be built using the 
Homology program or a comparable program, e,g,, Modeller (both 
from Molecular Simulations, Inc., San Diego, CA) . The principle 
is to align th; s< ruence oi the vd • Dgenic amylase with th« known 
structure with that of the maltogsnie amylase for which a model 
structure is to be constructed. The structurally conserved 
regions can then be built on the basis of consensus sequences. In 
areas lacking homology, loop structures can be inserted, or 
sequences can be deleted with subsequent bonding of the necessary 
residues using, e.g., the program Homology. Subsequent relaxing 
and optimisation of the structure should be dose using either 
Homology n n ther ols rr sxmulat gra? 
frosts Molecular Simulations. 

Maltog*»ic *ftp]UMM variants with altered thermos tability and/ or 
altered temperature dependent activity profile 

As explained above, one of the advantages of using variants of 
the mal oogenic amylase having the amino acid sequence sua owe as 
amino acids 1-686 of SEQ ID NO x I in the starch processing 
procedure is the possibility of carrying out. the reaction at 
elevated temperatures. Accordingly, variants which are 
particularly interesting for the purposes described herein are 
such variants oh let 
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riant should possess a 
accordingly , variant 
iants which fulfill 



preferably a; least 70%.. such as at least SOI , e,g. at least 90% 
after incubation with 1 tnM Ca" as pK 4.3.. 80*C for 15 minutes. 

so The structure of the m&ltogenic amylase contains a number of 

unique internal cavities which may contain water and a insnber of 
crevices. In order to increase the thermostability of the variant 
it may be desirable to seduce the number or sire of cavities and 
crevices, e.g.. by introducing one or more hydrophobic contacts, 

ib preferably achieved by introducing amino acids with bulkier side 
groups in the vicinity or surroundings of the cavity. For 
instance; the amino acid residues to be modified are those which 
are involved in the formation of the cavity, 

m it will be understood that the cavity or crevice is identified by 
the amis < i s * > cw ity cc cres s. e and 

that modification of said amino acid residues are of importance 
for filling or reducing the size of said cavity or crevice. 
Preferably, the modification is a substitution with a bulkier 

as ^t:a, „c d rtsmd.uv , are wit 1 a greater side chain volume. 
For example, all the amino acids? are bulkier than Gly, -whereas 
Tyr and Tro are bulkier than she. The particular amino aci.d 
residues referred to below are those that in a crystal structure 
have been found to flank, the cavity or crevice in question, 

36 

Thu in ^ ~ t> emc t autogenic amyla h 

for producing the entymat ically modified starch comprises a 
substitution oi i ' acid residue :or rant a i u , - 
more of the following residues of the amine acid sequence set 
ss forth in SSQ ID NO: 3u 
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G157, 


Y1S7, 


FI68, 


HISS 


, Kt70, N171, 


G172, 


P173 , 1174 




HI? 6, 


D178 . 


D17 9 ■ 


,. Rise 


, Y181, E1B2, 


AS 8 3 , 


KI86 


mm, 




T18§ ' 


rsx §0. 


A132 


, GlfS > F1S4 , 


3195, 


LI 96 L217 


222b, 




¥254, 


V279, 


, V281 


, L28S, ¥289., 


1290, 


¥308 « L321 


, 1325, 




L343, 


P34 9 . 




, 1359, 1405., 


mm. 


Q443, L452 


, 14 70, 


05 CI , 






G63S, 


L627, L62S or A 














d eu;bodi;nent : the van 




a v ~> 










one or 


more sabstitut:; 




^responding 





following substitutions in the amino acid sequence set forth in 
SSQ ID 140: It 



1,21? in combination with L75 (e.g. L2X7F/Y in combination with 
L7SF/Y) , LSIVv, L75F/Y, L?8T. , G88A/V/T, G3IT/S/V/N, T94V/I/L, 
¥X14¥/I/1, I125L/M/F/Y/W, V126X/L, T134 V/I/L/M/F/Y/W, 

is G1S7A/V/I/.L, L217V/I/W/F/Y/W, S 2 3 5 I / L / M / F / Y / W , 

Q236A/V/I/L/W/F/Y/W, V2S4I/L/M/F/Y/W, V279M/I/L/F, 
V2S1I/L/M/F/Y/W, L2SSF, V289I/L/E, I29GM/L/F, V30SI/L/M/F/Y/W, 
L321I/M/F/Y/W, :32 3L/M/F/Y/W t D326E/Q f L3438/F/Y/W, F349W/Y, 
S353V/I/L, 13S9L/M/F/Y/W, X4Q5M/L/Y/F/K, L44SY, Q449Y, 

;io L4 5 2 M / Y / F / W , I470M/L/F, G509A/V/I / L/H/S/T/D/.N , V51SI/L, 

SS83V/I/L/V1 G635A/V/ I /L/M/F/Y/W , LS27M/F/Y, L628H/I/F/Y/K f 
AS70V/I/L/M/F/Y/W, L71I, S?2C, V742, L? 5M/D/Q/ 1 / V , L7 8N/I, 

rsoi/L/v/s/N/o. n v/j vn/q/k/h gs3A/s/t/^/q/e/d/r/h/l, 

T84S/A/N/D/G, D85A/T/S/N/G, N8SG/K/D/Y/K/K, T87S/X, G86A/S/T, 
22- YS9F, H90N/Q/F, G&1A/S/T, T94N/D/A/M/V/ J , E35K/Q, D96N/V/Q/I, 
fh''\, x . / 'R F~6SY, h:C-N/Q,K, T :"L' f - K ?- 

G172A/T/S, D173N/S/T/Y/R/G, U74B/Q/L, S175T/A/N/D, 
M17SS/T/H/Q/P, Di78N/Q/E/K/H. D17SY/N/K, RI80W, Yi B 1R/F/C/L, 
H182D, A183S/C/G1 Q184S, Ki 8 S R < N1S7Q/ E/L/F/H/K/V/L, 
30 P18SY/L/X /K/Hi T133N/D/A/S/H/Y/G, D1S0E/Q/H/N/K, Al 92T/D/B/WK, 
G193A/S/T, F194Y, S 1 SSN/D/E/R/K/G, and 11 961 . 

abs cutic na> be In trod :ea i < \ ent posr.t n 
of other maltogern.- amylases. \ho.ianta: ot .a, interest 

25 have a combination of one or moxe of the above with any of the 
other modifications disclosed herein. 
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Maltogenic amylase variants with altered stability 
In general, variants having improved (increased) stability may b 
obtained by stabilisation of calcium binding, substitution with 
proline substitution of histidine with another amino acid, 
s ire rodu u ion of a herd a 

deamidation site, altering a hydrogen bond contact, filling in a 
internal structural cavity with one or tnore anv1.no acids with 
bulkier side groups, introduction of int.erdorr.ain interactions, 
altering charge distribution, helix capping, or introduction of 
10 salt bridge. 



Variants which are contemplated to be suitable for the starch 
processing procedure described herein are variants which have an 
altered stability due to an altered stabilization of calcium 

is N *&v« - 5 N ~ o 

i< i + * i ^ . < \i \ t u— ^L-*t - a ' u ' I v 

maltogenic amylase activity in the presence of a lower 
concentration of calcium ion. It is presently believed that amino 
acid residues located within 10 A from a calcium ion are involved 

so in or are of importance for the Ca'" binding capability of the 
snsytne , 

The axch.no acid residues found within a distance of 10 A from the 
Ca ;: ' binding sites of the maltogenic amylase with the amino acid 
ss: sequence set forth in SSQ ID NO: 1 are as follows; 

16, 17, IS, 19, 20, 21, 22, 23, 24, 25, H, 27, 28 29, 30, 31, 
32, 33,35, 36, 40, 46, 47, 48, 49, SO, 51, 52, 53, 54, 56, 73, 
74, 75., 76, 77, 78, ?9, 80, 81, 87, 88, 85, 91, 93, 94, S3, 36, 
10 S3, 100, 101, 102, 103, 104, 105, 103, 129, 130, 131, 132, 133, 
134, 145, 150, 167, 168, 169, 170, 171, 172, 174, 177, 100, 181, 
1.82, 183, 184, 185, 186, 187, 188, 189,. 136, 137, 198, 199, 200, 
201, 202, 206, 210, 228, 229, 230, 231, 232, 233, 234, 235, 237, 
378, and S37. 

t o r-ou. r h ca'anS ~r i- u ^ at ^ x . ^ " at. 

east o \ tiered aci id resi 
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determined to be involved in a non-optimal calcium binding,, with 
any other amino acid residua which improves the CV* binding 
^'trtt ^ ~ ^ *- "> 

constructing a variant of a parent maitooenie amylase wherein 
said variant has a stabilised Ca 2 * binding as compared to said 
parent amylase comprises: 

binding site of a ma.lrogenic amylase in a made) of the three- 
dimensional structure of said amylase which, from structural or 
functional considerations, is determined to be responsible for a 
non-optimal calcium ion interaction; 

ii) constructing a variant in which said amino acid residue is 
substituted with another amino acid residue which, from 
structural or functional considerations, is determined to be 
important for establishing an altered Ca** binding affinity; and 

ill} tasting the Ca s * binding of the resulting maltogenic amylase 
variant , 

Substituting an amino acid residue responsible for non-optimal 
calcium ion interaction with another residue may alter a calcium 
ion binding interaction of the enzyme , For instance, the amino 
acid residue in question may foe selected on the basis of one or 

a} v t i ledum ion and an 

amino acid residue as identified from the structure of the 
maitogsnic amylase. For instance, if the amino acid residue in 
question is exposed to a surrounding solvent, it may be 
advantageous to increase the shielding of said ami.no acid residue 
from the solvent so as to stabilise the interaction between said 
amino acid residue and a calcium ion. This can be achieved by 

e if r ) s. ~- - v > t» ia the 

vicinity of said residue contributing to the shielding, with an 
amino acid residue with a bulkier side group or which otherwise 
results in an improved sh elding affect. 
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b) to stabilise a calcium binding site... for instance by 
stabilising the structure of the malcogentc amylase, e,g, by 
stabilising the contacts between two or more of the five domains 
or stabilizing one or more of the individual domains as such. 

3 This may, e.g.,. be achieved by providing for a better 

coordination to aisd.no acid side chains, which may, e.g., be 
obtained by substituting an K residue with a D residue and/or a Q 
residue with an E resides e.g. within 10 A and preferably 
within 3 or 4 A, of a calcium binding site, 

10 

c) to improve the coordination between the calcium ion and the 
calcium binding residues, e.g., by improving the interaction 
between the ion and the coordinating residues or increasing the 
number of aidechaxn coordinations by substituting a coordinating 

ts water with an amino acid sidechain. 

d) replace water by a coordinating calcium amino acid residue. 

Preferably, the amino acid residue to be modified is located 
so within 8 A of a ion, in particular within 5 A of a Ca 2: ' ion, 

in a preferred embodiment, the variant of a maitogenic amylase 
h s j f pared to the par en 

oaltoqenic amylase comprises a substitution of an amino acid 
2S U >» -o - ~~ - > v N " < -ii of 

the amino acid sequence set forth in SEQ ID NO; It 

»17, m0, S32 f R95, H1C3, NISI, Q2D1, 1174, HISS, V74, L7B, WB, 
T80, LSI, T87, GS8, Y89 f K90, 091, TS4, RSS f DSS, F97, ¥167, 
:u ?IS3, HISS, H170, N171, G172, DX73, XX 74.. SI 75, H17S, D178, DX7S., 
RiSO, Y1S1, £182, A183, Q134, K186, HX87, F18S, and/or TX8S. 

In i J , the variant h * maitogs ulc - via: 

comprises a substitution cor responding to one or more of the 
a§ following substitutions in the smmo acid sequence set forth in 
SEQ ID HO -. 1: 
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D17E/C. A30M/L/A/V/I/E/0, S32D/E/N/Q, R95M/L/A/V/X/E/Q, 
H103Y/H/Q/D/E, &131D, Q201E. H74E/Q, H1S9M/D/E/Q, V74I, 

G88A/S/T, 78SF, H50N/Q/K, G91A/S/T.. T94N/D/A/M/V7 1 , R9SK/ Q, 
D96N/V/Q/I, F97Y, Y167F/R/C, F168Y, H1S9N/Q/K, H170N/Q/K, 
N171D/E/Q/H/R/K/G, G172A/T/8, D173M/ S/T/Y/R/G, I174N/Q/L, 



YISIR/F/C/L, S182D, A1S3S/C/G, Q184S, K18SR, N187Q/E/L/F/H/K/V/L, 
FI8BY/L/I/H/N, and/or TI8SN/D/A/S/H/Y/G. 

In another preferred embodiment of the invention with respect to 
altering the Ca s * binding of a malcoger.de amylase the partial 
sequence N28-F29»A30~K31~S32-Y33-G34 as set forth in SEQ ID NO; 1 
is modified. 

Similar substitutions may be introduced in equivalent positions 
of other maltogenic amylases. Modifications of particular 
interest are any combination of am or mare of the above with any 
of the other modifications disclosed herein. 



Variants with improved stability of the enzyme can be achieved by 
improving existing or introducing new inter-domain and intradomain 
contacts- Such improved stability can foe achieved by she 
modifications listed below. 

The maitogenie amylase having the arc > aci < i urn in 

SEQ ID DO: 1 may be stabilized by the introduction of one or more 
interdomam disulfide bonds. Accordingly, another preferred 
embodiment of the present invention relates to a variant of a 
parent * amylase which cas improved stability and 

least one max in N ^ i s — de bridge as mam? sred tc said 
parent, choreic said variant comprises a modification in a 
position corresponding to an least one of the following pairs of 
josit ons i 8Q 1; 
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I n a - red e?abod imen t , t mobs t 

at least one of the following pairs: 

G236C + 3583C, GGI8C + R272C, T2S2C ♦ V433C and/or A34 8C + V4S7C, 



at of the invention variants of a 
parent mai togerdc amylase which have an improved stability and an. 
altered interdomain interaction as compared to said parent enzyme 
may be used for the purpose? described herein. Examples of ouch a 
variants include variants comprising a substitution in a position 
corresponding to at leant one of the following sets of positions 
in SEQ ID HO ; 1: 



i) F14 3, F194, L78 ; 

is) A34i f A34S ; L3S8, 1415, T433, L4S4, LASS} 
ixi) L557; 

iv) 824 0, L268; 

v) Q208, L628; 

vi) ?42'b QSGO ,. N507, MSGS, SS73? and/or 
vii} IS 10, ¥620. 



In a ?.> % 1 o .nv-.HM to 

at least one of the following sets: 
1} F143Y, FI94Y, L78Y/F/W/B/Q? 

115 A341S/D/H, A348V/I/L, L3S8E/Q/ h T /'D, I415E/Q., T4 39D/S/Q/N, 
L4S4D/EP L465D/E/N/Q/R/K? 
ill) LSS7Q/E/H/D; 

l v } S 2 4 0 ::>/ E / N / Q ,. 1,2 £ 3D / E / N/ Q/ P./ K ; 
V) Q208D/S/Q, L62SE/Q/H/Df 

VX) F427E/Q/R/K/Y, Q5G0Y, N507Q/E/B, H508K/R/E/Q, S573D/E/E/Q ; 
and/or 

vii) ISIOD/E/N/Q/S, V620D/E/N/Q. 

In a further interesting embodiment of the invention variants of 
a parent ma Isogenic amylase which have an improved stability and 
one or more salt bridges as compared to said parent snsyme may be 
used for the purposes described herein. Examples of such a 
•azian s inci variant i bet.it * pos.it it 
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I ing - - ~ - - foil ving sees of £ si? i s 

in SEQ 3D NO: 1: N106, N320 and QS24 . 

In a n • v embodi n the variant ( 3 maltogenie 

v , . C t-. . O t t 5 ' >. - * v NO : 

I ; N106R, N320B/D and/or Q624B, 

u: maitogeni c atm/lase which have aa improved stability as compared 
to said ? rreru enz* N £ s i 1 < " - " c N 

herein. Examples of such, a variants include variants comprising a 
substitution in a position corresponding to at lease one of the 
following sets of positions in SEQ ID NO; 1; 

■m 

K40, V74 , S141, T142, F188, N234, K24 9 - D26i, D261, L2S8, ¥279:, 
23342, G397, A403 f K42S, S442 , S479, S433, T494, 534 95, .MM, $491, 
A49S, 0500, KS20, ASSS and HS95, 

20 In a more preferred eoboditaent. the variant of a maltogenie 

amylase comprises a substitution cor responding to one or more of 
the following substitutions with proline in the amino acid 
sequence set forth in SEQ ID NO: It 

25 V74P, SHIS?, h234!h K249P, L268P, V27SP f K342F, G3S7P, A403P, 
S442P, S47SP, a 931 "4 94 , A*.-£t\ S497P,. 2500? 

and/or A5S5P. 

Other preferred substitutions are K40R, T142A, P188I/L, D261G ! 
v; K42SS, K52GR, and/or NS93I, 

runiiogousl^ - f ~ f erred that e c :>re histidin 

residues present in the parent maltogsnic amylase is or are 
substituted with a non-bristidine residues such as Y, V 3 L, F, 

the variant of a nvaitogeriic amylase comprises a substitution of 
aft at o acid resid s spend ir-c one c ere of the 
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the a - encs se v. xn SEQ ID 

HO ; It HI 03, H220 , and H344 

In a more oref erred sTsAxsdrnent , the variant of a maitogenio 

t it ut ior one or more of 

the following subset cot ions in the amino arid sequence set forth 
in SEQ ID SO; 1: HI03Y/V/ I /L/F/Y, K220Y/L/M, and H344E/Q/M/D/V . 

It ' be preferred that one or more asparagine or ■> . n< 
residues present in the parent maitogenio amylase is or are 
substituted with a residue lacking the amide on the side chain. 
Accordingly, in another preferred embodiment, the variant of a 
maltogenic amylase -like enzyme comprises a substitution of an 
amino acid residue corresponding to one or more of the following 
residues of the amino acid sequence set forth in SEQ ID NO: 1: 

QI3, K24, N77, QI1S, SSI20 f NX31, &XS2 , NX? I, N176, 

H187, Q201, J32Q3, H234, Q247, K2SS, JR275, ^276, N280, WM7 < Q299 , 

N320, M327, N342, 0363, N37.1, H375, U401, 17436, N454, H468, H474 ; 

Q500, 1*507,. 8513, QS26, H575, Q5S1, 8621, QS24 and N6>64 . 

In a more preferred embodiment, the variant of a maltogenic 
amylase comprises a substitution corresponding to one or more of 
the following substitutions in the anrino acid sequence set forth 
in SEQ ID NO: X; 

QX3S/T/A/V/L/I/F/M, N26S/T/&/ Y/L/ 1 , N77S/7/A/V/L/ i , 
M8 S S / T / A / V / L / 1 , N93T/S/Y/L , Oil 9T/ S , Ni 2 OS/T./A/Y/L/ 1 , 
N131S/T/A/V/L/I, N152T/S/V/L, H17IY/D/S/T, NI76S/T/A/V/L/ L , 
g B7S/T/A/V/L; ; 1S/T/A/V/L/I/F/!* S203D/S f/AA 
N234S/T/A/V/L/1, Q247S/T/A/V/L/.I /F/M, M266S/T/A/V/L/I , 
K27S3/T/A./V/L/1, H276S/T/ A/ V/L/ 1 t N2 8 0 S / T / A/ V / L /' I , 
K287S/T/A/V/L/I , Q233L/T/S, M320S/T/A/V/L/I , N327S/T/A/V/L/I , 
N342S/T/.A/V/L/I, Q363S/T/A/V/L/2 , N371S/T/A/ V/ , 
Y37SS ' 3 • A, 7/1,,. 3 , N4 01S 'T/A/V/L/ I , M I A S/T/A, v/L/1 
lw O I ? 4^ i KA70: 



WO 91/1 6349 



2S 

D/S/TAV'V/L/i:, N575S/T/A/V/L/I, Q581S/T/A/V/L/I/F/M , 
m2lS/T/A/V/h/l Q624S/T/A/V7L/I/F/M and N664D/S/T/A/V/L/1 , 



improved hydrogen hone, contacts as compared to said parent enryme 
may be iced fej the purpose ck£v:r.:.b^d here Exa pi« - >f s ch a 
variants include variants comprising a substitution in a position 
corresponding to at least one 01 the following sets of positions 
in SEQ ID NO; 1: 

116 1 lit : M45, F73, D76, D?9, &192 , HOD , Ai4t, A163-GI72, 1268, 
V28I, D2SS, L32i, F2S7, N30S, K316, S573, £341, M378 ; A3 Si- F38S, 
A483, A486, 1517, AS64 , FS8S, RS89, FS3S, K64S, A62 9, and/or 
TSSI . 



In a preferred embodiment, the modification corresponds to one or 
store of the following: 



F277N/D/Q/H:, N3 0SK/K , K316N/D, S573M/D, 
/D/SJ, F389Y, A483S/D/SJ, A486Q/B, 151QR/K, 
5S9S/D/C/N, F636Y, K64 377 A63 IK/F/FdC- . 



Similar substitutions may be introduced in equivalent positions 
of er malco bst.it s i x < 

interest are any combination of one or more of the above with any 
of the other modifications disclosed herein. 

Before actually construe;: icq a rid coc erne amylase variant to 
achieve any oi the above h set! £ z nay be convenient to 
evaluate whether or not the contemplated ammo acid mod i finer ion 
can ne accommodated into the maitoyeni c amylase structure, e.g. 
into a model of the nhree •■ dimensional structure of the parent, 
mai oogenic amylase. 
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Maltogersic amylase variants with altered pH dependent activity 
profile 

Variants .having an altered pH dependent activity profile Bay also 
be suitable for the purposes described herein. The pB dependent 
& activity profile can be changed by changing the pXa of residues 
within 10 A of the active site residues of the maitogenic 
amylase. Changing the pKa of the active site residues is 
u i.eved > c * - , * ~ —m m n < 

hydrophobic interaction between functions'] groups of amino acid 
10 side chains of a given and no acid residue and its close 
To obtain a higher activity at a higher pK, 
ly charged residues are placed near a hydrogen donor 
positively charged, residues placed near a. 
nucleophilic acid will result in higher activity at low pH . Also, 
is a decrease in the pKa can be obtained by reducing the 

accessibility of water or increasing hydrophobic it. y of the 
environment , 

Thus, a variant having an altered pH dependent activity profile 
20 as compared to the parent enzyme, may be obtained by the 
fol lowing method : 

i) identifying an amino acid residue within IS A from an active 
site residue of a maltogenic amylase in the three -dimensional 
ss structure of said parent, maltogenic amylase, in particular 10 A. 
from an active site residue, wherein said aRp.no acid residue is 
contemplated to be involved in electrostatic or hydrophobic 
rat f „ ct e site resid 

so lis substituting, in the structure, said amino acid residue with 
j - a resi eha ges t 1 s el » m:tatio 

hydrophobic surroundings of an active site residue, and 
evaluating the accommodation of the amino acid residue in the 

ss iii) optionally repeating step . 3 no -'or - recursively 

rich is 
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In a ent th variant 

having a - Pen f ~ rpare< to 

the parent ntaltogenic amylase comprises a modification of an 

amino acid residue corresponding to one or more of the fol 

residues of the amino acid sequence set. forth in SEQ ID MO; 1 



D127, V129, FiSS, A223, Y258, V2Si, F2S4 , T288, N327, M330 ,. G370., 
M37X, D372, L71, S72 , ¥74, L75, L78, T80 f LSI, G83, T84 , D8S t 
N86 ; T87, GS8 , Y89, H90, G91, T94 , RSS, D9S, 79 o 1174 , S175, 
m.7§, ullS, D179, R180. Y181. S182, A183, Q184, Kim, H187, F188, 
T189, D190, M92, G193, F1S4, S195, and LX96 . 



modifications in the amino acid sequence see forth in SEQ ID HQ ; 
It D127N/L, V129S/T/G/V, F188E/K/H, A229S/T/G/V, Y258S/D/K/ R/F/N, 
72811 7 F2S4J S N v. S?32 M330L/F/I 701 

M371B/E/G/X D372N/V, L?lt, S72C f V74I, L75N/D/Q/ J/V, L7855/I, 
T80I/1./V/S/N/G, L81I/V/S/T/N/Q/K/H, G83A/S/T/H/Q/E/D/R/H/L, 
T848/A/N/D/G, D8SA/T/S/N/G, N 8 6 Q / S / B / Y / H / K , T87S/I, G83A/S/T, 
Y83F, H90N/Q/K, G91A/3/T, T94K/D/A/M/V/I ,. R93K/0, D96N/V/Q/ 1. 

> M.?4N/'Q/i S179T \N, , N ?8£/T/K/Q/ 1 Q/ < 1 

D179Y/N/H, R18QW, YlSiR/F/C/L, El 822', AI83S/C/G, Q184E, K186R, 

I F18S I '{ m, tlBBWZ & 
D190E/Q/H/N/K, A192T/D/B/N/X G193A/S/T. F194Y, G195N/D/E/R/R/G, 
and LI 96 I. 



jiiTiilar mc 



positions 
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M&lfcogenie amylase variants with an altered cleavage pattern 
For ths purposes : pre c <= ens^ txca > modif ed st rch 
and starch derivatives described herein it may be desirable to 
change cleavage, pattern of the applied enzyme, i.e. it may be 
desirable to change th« lea 2- pent n * example a. as c 
form higher amounts of higher oligosaccharides, 

A variant of a parent maitogenie amylase in which the .substrate 
cleavage pattern is altered as compared to said parent may be 
constructed by a method which comprises: 

i) identifying the substrate binding area of the parent 
mafitogenic amylase in a model of the three-dimensional structure; 
e.g.. within a sphere of -J A from the substrate binding site as 
defined in ths section above entitled "Substrate Binding Site"; 

ii) substituting in. the model one or triors amino acid residues of 
the substrate binding area of the cleft identified in i) which is 
or axe believed to be responsible for the cleavage pattern of the 
parent with another amino acid residue which from structural or 
functional considerations is believed to result in an altered 
substrate cleavage pattern, or deleting one or more amino acid 

esidue; f the substrate i ding ' an contemplated t Introducs 
favorable interactions to the substrate or adding one or more 
amino ac d residues < the substrata binding area 2 u a to 

ntroc i f dus t o the substrate ; anc 

iii j ;onst> m: a ma 1 togs - amy las , =s w a r? rasu.lt.in tron 
step 11} and testing the sunstraae cleavage pattern of the 
•0 variant. 

Thus, examples of. variants havtr.g an altered cleavage pattern 
vhich are considered to be useful for the purposes described 
herein are variants comprising a modification in a position 
torrespc - sit ions in SEQ ID 

S HO: 1:5 V2B1 and/or A629. 

- ... - f v jo vr • ' 1 < 1 

rrm^yrnr - . , ^ - 1 n - " I i E f 



WO §1/16349 



32 



PCTfDKWmtl 



Similar fnodi.fi. cations may be introduced in equivalent positions 
of other maltogenic amylases. Substitutions of particular 
interest are any combination of one or both of the above with any 
5 of the other modifications disclosed herein. 

Maltogeaic amylase variants with isaprov^d ability to reduce 
retrogradatioo of starch 

Interesting variants also include variants having byproved 
ability to reduce the retrogradation of starch. Preferred 
10 variants comprise a modification at one or more positions 

i * i mo-, 

I; A30.. K4 0> MX1S, TX42, F18S, T189, P191, A192, GIB'S, FX 24 , 
BIBS, D2SX, JS327, K42 5, KS20 and HS9S . 



5S 3 j ; ment u; variant eoapris ora mo 

modifications corresponding to the following in SKQ IB NO: 1; 
&3GD, K40R, HI15D, T142&, P188L, TI89Y, a (ISi-195), D26XG, 
D261G, N327S, K42SE, KS20R and . 

Nomenclature for amino acid modifications 
so * i * ou is 

essentially as described in WO 32/0524 9. Thus, F13 8K indicates a 
substitution of the amino acid ? (Phe? in position 188 with the 
amino acid H (His), VX29S/T/G/V indicates a substitution of VX29 
with S, T, G or V, A (191-195) or & (191-195) indicates a. 
as deletion of amino acids in positions 1.91-195. 192 -A- 193 indicates 
an insertion of A between amino acids 192 and 193, 

Polypeptide sequence identity 

For purposes of the present Invention, the degree of identity may 
foe suitably determined according to the method described in 

30 .s v. 5 < t „~ o ^„ " -A"" ^ 5 ^ V< . J .O 

Biology, 48, 443-45,. with the f.oi lowing settings for polypeptide 
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progra«5 package (Program Manual for the Wisconsin Package, 
Version 8, August 1994, Genetics Coccr-r Group,, 575 Science 
Drive, Madison, Wisconsin, USA 53711) . 

Hybrid! z at ion 

Suitable xp ri mental conditions f er.o 

between a nucleotide probe and. a homologous DMA or RNA sequence 

coot 'e-- x r* ^ ' > or 

EHA to hybridise in Sx SSC {sodium chloride /sodium citrate, 
Samhrook, et al . 1989) for 10 tin, and prehybridioat ion of the 
filter in a solution of 5x SSC, 5x Dsuharcit's solution (Sambrook, 
st ai,, 1389), 0.5% SDS ana 100 p$/tb1 of denatured sonicated 
salmon sperm DN7\ (Sambrook, et ai . , 1989} , followed by 
hybridisation in the same solution containing a random -primed 
(Feinbarg, A. P, and Vogsistein., B. {1983} Anal. Biochem. 132:6- 
13) , "p-dCTP- labeled (specific activity > 1 x 10* cpm/ag ) probe 
for 12 hours at ca , 45*C. The filter is then washed twice for 30 
minutes in 2x SSC, 0.5% SDS at least 55 °C (low stringency), 

i 5 s 0 f s i ne\ tore prefea iel> at 
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Methods of preps ring variants of maltogeaic amylase variants 

The DMA sequence encoding a parent msi toganic amylase may be 
isolated from any cell or miorocrga.ru sm producing the maitogen 
amylase in question, using various methods well known in the a 
for example, from the Bacillus strain NCIB 11837. 
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an ism in q »st >n alternatively » shelled 
oligoiiucleot de pro ?c ui equences he ologous to a know 

a-aiwylase gene could be used as a probe to identify maitogenie 
amylase -encoding clones, using hybridization and washing 
conditions of lower stringency, 

Another method for identifying maitogeaic amylase- encoding clones 
involves inserting fragments of genomic DMA into an expression 
vector, such as a piasmid, transforming amylase negative bacteria 
with the resulting genomic DMA library, ana then plating the 

maitogenie amylase, thereby allowing clones expressing maitogenie 
amylase activity to be identified. 

Alternatively, the DMA sequence encoding the enzyme may be 
prepared synthetically by established standard methods, e.g. the 
phosphoroamidite method described by S.L, Beaucage and M.H. 
Caruthers C 1381) or the method described by Matt he® efc ai - 
(1SS45 . In the phosphoroamidite method, oligonucleotides are syn- 
thesissed, e.g. in an automatic DNA synthesiser, purified, 
nne led, iigated cloned j vect srs 

Finally, the DMA sequence may be of mixed genomic and synthetic 
origin, mixed synthetic and eDNA origin or mixed genomic and cDNA 
)rXi t 1 ' N • . " ' N c, ges or < or 

^ ? x - t ^ , - v > - Of 

described in US 4 , 683 , 202 or R.K. Saiki et al . U.9885 , 
S.rt.v. :.h recced Ltatagn t&i& 

Once a maitogenie amylase-- encoding DMA sequen.ee has been 
isolated, and desirable sites for codification identified, 
modifications may be introduced using synthetic oiigouucleot ides < 
These oligonucleotides contain nucleotide sequences flanking the 
desired modification sites-; cecum: nucleotides are inserted 
during oligonucleotide synthesis. . a specific method, a single- 
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stranded gap of DMA, n tee :ro: " v : ..v amyiaso-enccdiug 

sequence , is created in a vector carrying the maltogenic amylase 

modification, is annealed to a homologous portion of the single- 

Morinaoa et al. (IS84,s < IIS 4,760. 021 disc loses the introduction 
of I a by performing 

an even greater 

variety of modi f icstions can be introduced an any one time by the 
'Morlnaga method because a multitude of oligonucleotides, of va - 
io> t an bi 

Another method of introducing modifications into a maltogenic 
amylase ~ encoding DMA sequences is described in kelson and Long 
(1989), It involves a 3 -step generation of a PCS fragment 
containing the desired modification introduced by using s 
chemically synthesized DNA strand as one of the primers in the 
PCR reactions. Frew the PCR -generated fragment, a BtJA fragment 
carrying the modification may be isolated by cleavage with 
restriction endonucl eases and reinserted into an expression 
plasmid , 

Rardcmhtsrc^^ 

Random ■mutagenesis is suitably performed either as localised or 

*3 - w ' - v. » „ v at east three pares of the 

gens translating so the amino acid sequence shown in question, or 
within the whole gene. 

The random mutagenesis of a DNA sequence encoding a parent 
maltogenic amylase may be conveniently performed by use of any 
method known in the art . 

■ ;hf- scare one method '.hi sens *.ting variant of 
xgsrh.e-iike amylase, wherein she variant exhibits 
uiiit ' N gl aid a; :. caici . sen; ultra ice 
:e Kcrrenty. comprises: 



In relation zc 




(a) b foj J ng " N \ a e< ial sg k 
amylase to random mutagenesis .. 

(b) expressing the mutated DKA sequence obtained in step (&} in a 

(c) screening for host ceils expressing a taaltogenie- like amylase 
\ trian which las an - - o the parent. 

Step (a} of che above method of the- invention is preferably 
performed using doped primers, as described in Che working 
examples herein (ride infra). 

For instance, the random mutagenesis may be performed by use of a 
suitable physical or chemical muf agenizing agent, by use of a 
suitable oligonucleotide, or by subjecting the DMA sequexice to 
PCH generated mutagenesis. Furthermore, the random mutagenesis 
may foe performed by use of any combination of these mutagens, si rig 
agents. The mutagen! zing agent may, e.g., foe one which induces 
transitions, transversions, inversions, scrambling, deletions, 
and/ or insertions, 

hydroxy lamina, N-methyl--N ! -nitre -H- nit rosoguanidine (HNHG) , 0- 

{EMS; , sodium bisulphite, formic acid, and nucleotide analogues, 
hhen such agents are used, Che metagenesis is typically performed 
by incubating the DMA sequence encoding the parent enzyme to foe 
f i-a- ,, „a m x t-m - - <= ~~ 

under suitable conditions for the mutagenesis to take place, and 
selecting for mutated DfLa having the desired properties. 

When the mutagenesis is performed by the use of an oligonucleo- 
tide, the oligonucleotide may be doped ox. spiked with the three 
non-par^ i a iu 5 of the LgoiiuedU 
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spiking may be done so that codecs for unwanted amino acids are 
ke j i ^ x t ~< > d < 

into in G v " ' i o - - " -- - - any 

published technique, using e.g. PGR,. LCR or any QMA polymerase 
and ligase as deemed appropriate, 

Preferably, the doping is carried out using "constant random 
dop.ir.iq" , i.u which the percentage of wild -type and modif i eat ion in. 
each position is predefined. Furthermore, the doping tray he 
directed toward a preference for the introduction of certain 
nucleotides, and thereby a preference .for the introduce ion of one 
or more specific amino acid residues. The doping may be made, 
e.g., so as to allow for the introduction of 90% wild type and 
10% modifications in each position. An additional consideration, 
in the choice of a doping scheme is based on genetic as well as 
protein- structural constraints. The doping scheme may be made by 
using the DOPE program which, hiter alia, ensures that 
introduction of stop codons is avoided. 

.t ' * ~ a < Sis is usee either < i iicali> 

treated or non- treated gene encoding a parent maltogenic amylase 
enzyme is subjected to PCR under conditions that increase the 
misineorporation of nucleotides 'Desiuer 1992c Leung at al.. 
Technique, Vol , J , 1S89, pp. 11-15} . 

A mutator strain of E. colx (Fowler et al . , Molec. Gen. Genet,, 
133, 19?4 ; pp. 179-191), S, cereviseae or any other microbial 
organise, may be used for the random mutagenesis of the DMA 
encoding the maltogenic amylase by, e.g., transforming a plssmid 

g the parent to tc gro the 

mutator strain with the plasmid and isolating the mutated plasmid 
from the mutator strain. The mutated plasmid may be subsequently 
transformed into the expression organism. 

The mx sequence to be mutagen! zed may be conveniently present in 
a genomic or cDNA library prepared from an organism expressing 
re wci - " t- _m <.m 

> -< > t in did > " s jch as - pi jsmid n . 
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bacteriophage, which as such may be incubated with, cr otherwise 
^ - o w < j tl * - t. - ~ ' ~ - - - ( 

also be present in a host ceil either by being integrated in the 
cfenoma of said cell or by being present on a vector harbored in 

form. It v/iil be understood that the DMA sequence to be subjected 
to random mutagenesis is preferably a cDNA or a genomic DMA 

In some cases it may be convenient to amplify the mutated DNA 
sequence prior to performing the expression step b) or the 
screening step c5 - Such amplification may be performed in 
accordance with methods known in the art, the presently preferred 
net h mi r. emg PCX - genera- ed ampl 1 f icar .3 on using ci iuonuc leor. ids 
primers prepared on the basis of the DNA or amino acid sequence 
of the parent ensyme. 

Subsequent to the incubation with or exposure to the mutagen! sing 
agent, the mutated DNA is expressed by culturing a suitable host 
cell carrying the DNA sequence under conditions allowing 
expression to take place. The host cell used tor this purpose may 
be one which has been transformed with the mutated DNA sequence, 

treatment. Examples of suitable host cells are the following; 
gram positive bacteria such as Bscillus subtilis, Bacillus 
licheniforms. Bacillus lentus, Bacillus brevis, Bacillus 
scearothermophilus, Bacillus alkslophilus , Bacillus 
amylcliqueiacienz, Bacillus, coagulans, Bacillus circulans, 
Bacillus lactus, Baciiica megat.er.ium, Bacillus thuringiensis, 
Strsptomyc^s livid&ns or Streptomyces nturznus; and gram negative 
bacteria such as B. calx. 

- , » tste v.c r „ , , ^ t- CNA Jv. u.c.o- 

, encoding frnecrons permitting expression of the mutated DNA 
sequence . 



The random rare agenesis w*y be ludi-vrr^yeoasiy localized to a pare 
of < ' k " - - * 1 be 

advantageous when certain regions of the enzyme nave been 
identified to be of particular importance for a given property of 
the ensyme, and when mcdiried are expected to result in a variant 
having improved properties. Such regions may normally be 
identified when the tertiary structure of the parent enzyme has 
been elucidated and related to the function of the enzyme. 

The localized, or region -specif ic,, random mutagenesis is 
conveniently performed by use of PCR generated mutagenesis 
techniques as described above or any other suitable technique 
known in the art. Alternatively, the DMA sequence encoding the 
• part of the DNft. sequence to be modified may be isolated, e.g., by 
insertion into a suitable vector, and said part may be 
subsequently subjected to mutagenesis by use of any of the 
mutagenesis methods discussed above, 

i For region-specific random mutagenesis with a view to improving 
the stability of calcium binding of a parent maitogenxc amylase, 
codon posi - r pc j ecu c mino acid 

he amino acid sequence set forth in SEQ ID NO: 1 
iy be targeted: 

-36, 40: XS-40 
: 48-56 



residues 



37-89, 91, 93-96, 93-105, 109- 87-109 
129-134* {145, 150}: 129-134 
167-172, 174, 177, 180-189: 167-189 
I96~20: 2 ■ 210: 196-210 
228-235, 237; 228-237 
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With a view to achieving improved binding of a substrate, i.e. 
improved binding of a carbohydrate species, such as amy .Lose or 



m 

a e i k ^ ■ \ ~,k t 

e.q. hignex , substrate specificity and/ox a modified, e.g. 
hiaher, specificity with respect to cleavage.. > hydrolysis .. ot 

HO 5 1, may particularly appropriately be targeted for 
modification by region -specific mutagenesis c 

70-97, 127-1.43, 174-198, 226-233, 255-270, 282-292, 324-331, 370- 
10 376. 

For region-specific random mutagenesis with a view to altering 
the substrate specificity and/or the pH dependent act. xvxiy 
profile., the following regions of SEQ ID NO: I may be targeted; 
IS 70-97, 174-198. 

j adorn i < e» i > > ng the 

thermostability,- the residues and regions described above for 
filling internal holes, improved Ca binding, interdomarri and 
20 intradomain contacts, helix capping, proline substitution, 
histiaine substitution, etc. may be targeted.. In addition, the 
following regions may be targeted with a view to improving the 
thermostability; 70-109 , 167-200. 

~,a - — - - - ~ 

25 The random mutagenesis may be carried out by the following steps; 

1. s | ret in ere • ? f ditieation i rem 
enzyme 

2. Decide on muteticn sites and norm-!: a ted sites in the selected 
ao region 

3. Decide on e/uch kind of mutations should be carried out, e.g. 
with respect to the desired stability and/or performance of the 

4. Se em sta it urall> <r xable tat ons 

is 5. Adjust che residues selected by step 3 with regard to step 4. 
6. hnaiv e i. ~~ at &b oi algorithm the ta 1 3 id 
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7. u ' - - - 

realism, e.g. taking into account constraints resulting from the 
genetic cods, e.g. in order to avoid introduction of scop codons; 
the skilled person will be soar- that; some coder; combinations 
s cannot be used in practice and will need to be adapted 

9 . t-e* > i i - ' - 

10, Select resulting a- amylase variants by screening tor the 
e s i r e ip 

Journal of Computer -Aided Molecular Design lie 29- 38, Another 
algorithm is DOPE (Jensen, LJ , Andersen, KV, Svendsen, A, and 
is Kr at r schmar, T H93Q) Nucleic Acids Research 26:697-702), 

E3£pr«ssio» of Sialtog«3lic amylase variants 

The construction of the variant of interest is accomplished by 

l vi >( j loroorg i N l r n in 

the variant under conditions which are conducive for producing 
20 the variant, and optionally subsequently recovering the variant 
from the resulting culture broth. This is described in detail 

A TV qu icdi; v v ti itA proc ic« u - *o 

2$ above,, or by any aiterrust :.ve methods known xr\ the art,, can be 

. v t. sing as 

expression vector which typically includes control sequences 

> < ^ promo era" en bin < t.« ran si at i 

initiation signal, and, optionally, a repressor gene or various 
35 activator genes. 

i } ? \ X ^ " - < o 

encoding an maitogenic amylase variant may be any vector which 
tnay conveniently be subjected to recombinant DMA procedures, and 
3s the choice of vest or will often depend or, the .host ceil into 
which it is to be introduced. Thus, the vector may be an 
-., i \ \o * < -5 ~ - 
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extrachromosomal entity, the replication of. which is independent 
of chromosomal replication, e.g . a plasmid, a bacteriophage or an 
extrachromosoma 1 element, miniehrornosome tr an artificial 
chromosome „ Alternatively, the vector may be one which, when 

genome and replicated together with the chromosome he} into which 
it has been integrated. 

In the vector, the DWh sequence should be operably connected to a 
suitable promoter sequence . The promoter may be any DMA sequence 
which shows transcriptional activity in the host cell of choice 
and may be derived from genes encoding proteins either homologous 
or heterologous to the host cell- Examples of suitable promoters 
•for directing the transcription of the DMA sequence encoding a 
maltogenio amylase variant of the invention, especially in a 
bacterial host, are the promoter of the lac operon of E.coli, the 
Streptomyces coelicolor agarasse gene dagA promoters, the 
promoters of the Bacillus lichenifoxmis a amylase gene i&myL) f 
the promoters of the Bacillus stearo thermophilics maitogenic 
amylase gene lamyM) , the promoters of the Bacillus amylolique- 
faciens a-amylase iamyQ) , the promoters ct the Bacillus subtilis 
xylA and xyiB genes, etc. For transcription in a fungal host, 
examples of useful promoters are those derived from the gene 
encoding A. orysaue TAKA amylase, Rhizcmucor sdehei aspartic 
proteinase, A > niger neutral a-amy.lase, A. niger acid stable «• 
amylase, A. niger giucoamylase , Rhizomuoor mi eh el lipase, A. 
oryrae alkaline protease, A. oryeae triose phosphate isomerase or 
A > n i da lane aoeoann dase . 

The i ransom 

v - s. " m „ _ « _ 

variant of the invention. Termination and poiyadenylat ion 
equences ma s tax La s 1 ~ from ch sa £ sources as tie 
; promoter , 

s - - v.. nor t c rise a DMA sequent enai r 

ygctor -c replicate i the host ;eil h eoestion.. Examples of 
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squen gins of re st.U f plasmids pUC 

pACYC177, pUBUG, pE194, pAMBI and pIJ'702 . 

The vector may also comprise a selectable marker, e.g. a gene the 
s product of which complements a defect in the host cell, such as 
Un o a -a f o 5 K -- > to ; , ci nrvot^^s ... an.? >i f> 

confers antibiotic resistance sueh as atopic.;. Ilin,. kanamyoin, 
chloramphenicol or tetracycline resistance- Furthemore, the 
vector may comprise dsprorg.nl ius selection markers such as arodS, 
10 arsD maD md r>C * markei pb Lna rU hy rom> in > nsrst nc 

or the selection may be accomplished by co- transformation., e.g. 
as described in m 91/17243. 

Whiie intracellular expression may be advantageous in some 
respects, e.g. when using certain bacteria as host cells, it is 

is generally preferred that the expression is extracellular , In 

general, the Bacillus a amylases mentioned herein comprise a pre- 
region permitting secretion of the expressed protease into the 
culture medium. If desirable, this preregion may be replaced by a 
different preregioj dj jna3 sec ence, a raeni ntly . compli tied 

20 hy substitution of the DHA sequences encoding the respective 
preregions , 

" a r - N > a . ^ - ' * : 

enccdin c at :> om " ise sua iant , .a promoter, tear 

well known to persons skilled in the art Psf., for ins; 
Sat^rook et si, ( 1SS.9} ) . 

so The cell, either comprising a DMA construct or an expression 

vcor c to - o»* . fcov io a w r a.t ^ i ' ^-^ 

as a host ceil in the recombinant production of a ma it opera, c 
amylase variant. The ceil may be transformed with the DNA con- 
struct o! th invent! rob. aq t ,, e< t 

3S - ™ce no: tn : u^ 1M o^r-^ — m v * a.- op -r -a rh*» host 
ai _ ~ „ ---^ to ^ - c a ' ad- 

vantage as the DHA sequence is more likely to be stably main- 
tained in the cell, integration of the Dm constructs into the 
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host t N s- - " *■ ccording to con-! 

methods, e.g. by homologous or heterologous recombination. 
Alternatively, the cell may be transformed with an expression 
vector as described above in connection with the different types 
of host cells. 

The cell may be a cell of a higher organism such as a mammal or 
an insect, but is preferably a microbial cell,, e.g. a bacterial 
or a fungal (including yeast) cell. 

Examples of suitable bacteria are gram positive bacteria such as 
Bacillus subtil is, Bad Hub licheniformis. Bacillus ientus, 
Bacillus brevis, Bacillus s teazothersnophi 1 us , Bacillus alkalo- 
pkilus l Bacillus amyloliquefaciena, Bacillus eoagulaxis. Bacillus 
circuians, Bacillus lautus, Bacillus megaterrurs, Bacillus 
thuringiensis, ox Strepccmyces lividans or Streptomyces murinus, 
or gram negative bacteria such as E.coli, The transformation of 
the bacteria may, for instance, be effected by protoplast trans- 
formation or by using competent ceils in a manner known per se. 

The yeast organism may favourably be selected I: rom a species of 

j r< es 5 . < Saccharomyces 
cerevisiaa . The filamentous fungus may advantageously belong to a 
species of Aspergillus., e.g. Aspergillus oryzaa or Aspergillus 
nicer. Fungal cells nay be transformed by a process involving 
protoplast format ion and transformation of the protoplasts fol- 
lowed by regeneration of the cell wall in a manner known per se. 
A suitable procedure for transformation of Aspergillus host cells 
is described in SF 238 023. 

•The medium used to cultivate the ceils may be any conventional 
medium suitable for growing tut host cell in question and 
obtaining expression of the maltogenic amylase variant of the 
invent io; xta - -a i ilabl f Dmm&rcial stuppi ?rs 

or may be presence according to published ree:pes .e.g. as 
a ■ >» t 1 ^, - - — - t ^- "me <r- --Oi 
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The maltogenic amylase variant secreted from the host cells may 
3 e i x:t * be. reco ^ne s c e medium fc uH In i 

procedures, including separating the cells from this medium by 

s^llate, followen by the use ui -i < SN -\ N - > - 

as ion exchange chromatography, affinity chromatography, or the 
like- 
Testing of saaliogenie amylase variants 

Maitogenic amylase variants produced by any of the methods 
described above may be tested, either prior to or after 
purification, for amy'io'iyr.ic activity in a screening assay which 
measures the ability of the variant to degrade starch. The 
screening in step 10 in the above-mentioned random mutagenesis 
method of the invention may be conveniently performed by use: of a 
filter assay based on the following procedure: A microorganism 
capable of expressing the imitated maltogenio amylase of interest 

in binding capabi iity, The 

>ce in -binding filter comprising 
enzymes secreted fro;;-; the microorganism is separated from the 
second filter comprising the microorganism. The protein- binding 
filter is then subjected to screening for the desired ensymstic 
activity,, and the corresponding microbial colonies present on the 

-„ai._: ~-h„ - anA.^'.a Vu " — s *djf u-oj i 3 ;r 

the enzymatic activity may he any protein -binding filter, e.g. . 
nylon or nitrocellulose. The second filter carrying the colonies 
of v | i - c . ^ *- » .a. * " 

affinity for binding proteins,, e.g., cellulose acetate or 
Durapore T; h 

Screening ccnsisns of tieinm.:ic the first filter to which the 
secreted protein is bound with a substrate that allows detection 
x ~ , i - ; >^ ,-<r Is- 



is incubated on a suitacue mec 
for secretion of the enzyme, t 
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by a dye, fluorescence, precipitation, pH indicator, IR- 
absorbance or any other known technique for detection of 
ensymatic activity. The detecting compound may be \1 h-d by 
any immobilizing agent e.g. agarose, agar, gelatine, 
poiyacrylamj.de, starch, filter paper, cioth? or any combination 
of immobilizing agents. For example, a -amylase activity can be 
detected by Cibacron Red labelled amyiopeetin, which is 
immobilized in agarose, a-atrsylase activity on this substrate 
produces zones on the place with reduced red color hi: emit y. 

sere* i n Marians with iric I e filter v* 

detection step described above to inactivate variants that do not 

amylase. This inactive;; ion . may consist of, but is not 
limited to, incubation at elevated temperatures in the presence 
of a buffered solution at any pH from pH 2 to 12, and/or in a 
buffer containing another compound known or thought to contribute 
to altered stability e.g., surfactants, BDTA, BQTK, wheat flour 
components, or any other relevant additives. Filters so treated 
for a specified time are then rinsed briefly in deicnised water 
and placed on piates for activity detection as described above. 
The conditions are chosen such that stabilized variants show 
increased enzymatic activity relative to the parent after 
incubation on the detest ion media, 

- > - r een $ alt i 1 e> 

bound variants arc incubated in buffer at a given pH (e.g., in 




, - > „_ v - » " - " v be 

screened for by adjusting the pH of the buffer in the above 
mact i vat. ion step s t " - se is 

inatu ate .a thereb 1 r.rc decs -tic i > tnose variants 
- „<-<vt^ 2 ra.v in y at the pH i;> o.e.vmu.. T< , -n\ — ; 
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variants with increased calcium- dependent stability calcium 
chelators, such as ethylene glycol -Ms JS-arrdnoethyl ether) 

buffer at a concentration such that the parent maltogenic amylase 
is inactivated under conditions further defined, such as buffer 
py, t " * > n i u 

The variants may be suitably tested by assaying the starch- 
degrading activity of the variant, for instance by growing heat 
:e.1 s trans f ^ s v 5 it a NJ cue:: <■ Ling a variant as a 
starch -cental nine agarose plate and identifying starch -degrading 
host ceils as described above. Further testing in regard to 
altered properties, including specific activity, substrate 
specificity., cleavage pattern, thermoaet i v at ion , thermostabil ity, 
pH dependent activity or optimum,, pH dependent stability, 
temperature dependent activity or optimum., transgiycosyiation 
activity, stability, and any other parameter of interest, may foe 
performed ou purified variants in accordance with methods known 
in the art as described below. 

&egx&dauti^^ 

Another important parameter in the evaluation of the substrate 

which such enzymes are capable of degrading starch that has been 
exhaustively treated with the exogiycosyia.se p- amylase. To screen 

substrate differing iroo. the patterns produced by the parent 

dextrin is prepared by incubating 2 5 ml 1% amyiopectin in 

a . ;y ^~<- , , , t,t,! f v t ' * ^ ' J v*V ^\Vn-eM 

amyiopectin (i.e. f fh limit dextrin) is precipitated with 1 volume 
98% c.t washed and red.uss.ol red in water. 1 md p-lxmit 

dertrin is Lncnfoa ed snti 1P3 ml enzyme; (ai - nf and 100 ,ul 
0.2 M s ~ „ i ~ pK S.C> for 2 lire at. 1 0'w: and analysed by 

HPLC as described above. Total, hydrolysis of p-limit dextrin is 
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carried out in 2M HCi at 3S*C. The concentration of reducing en< 
is measured by methods known in the art. 

Unfolding cf malcogenic amylases by exposure to heat or to 
O Cat ,NLt - m " v ^ tx a 

decrease in fluorescence, and oss of calcium ions leads to 
unfolding. Thus, the affinity of a. maltoqenio amylase variant tx 
calcium can be measured by fluorescence measurements before and 
after incubation of the variant (e.g , , at a concentration of 10 
mg/mi} in a buffer {e.g., 50 m BEPBS, pH 7} with different 
concentrations of calcium {e.g., in the range from I oM~100 m) 
or or." E5TA (e.g., in the range from 1-1000 oM) for a sufficient! 
long period of time (such as 22 hours at 55*01 - 

luoresoence, F, is composed of contributions form 

unfolded forms of the ensyme. The following 
e derived to describe the dependence of F on 
tration ( [Ca) } : 

/ (K^iiss + [Ca] } (a ;i ~ b f; Iog( ICa.} } } * 
?t , : ,/ (a !4f5 + [Caj} ia, - b< ; iog { [Ca] } 5 

where a s is the fluorescence of the native {folded} form of the 
enzyme, fo„ is the linear dependence of s, : on the logarithm of ths 
calcium concentration (as observed experimentally) , a„ is the 
fluorescence of the unfolded form and fo,< is the linear dependenc 
of a y on the logarithm of the calcium concentration. K,. ss is the 
apparent calcium binding constant for an equilibrium process as 
follows; 

N-Ca Ca {H - native enzyme , U - unfolded entyme) 

In 3c Sold da ex aw i is irreversii 

The j » J* ar 



The measure 
the folded 
equation ca 
sal cons con 
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comparison of K,.„ : , for different ■■allogenic amylase -variants can 



Determination or nssltogsnio amylase in 1MB 

One M&ltogenie Amylase hovo Unit (MPrPh is Che amount of ensyme 
which under standard will cleave one p.mol maltotriose per minute . 
The standard conditions are 10 rag /ml maltotriose, 3?°C, pH 5.0, 
30 minutes reaction time. 

The pH dependence is found by repeating this measurement at the 
same conditions, but at different pH values. 



Construction of a. variant of the maltogenic amylase having the 
amino sold aequanea shown ae amino acids 1-686 of SBQ ID HO s i 
with altered pH dapsndent activity 

amino acids 1-686 is expressed in Bacillus suhtilis from a 
plasmid denoted herein as pLBeiOlO. This plasmid contains amyM in 
which the expression of amyM is directed by its own promoter and 
the complete gene encoding the maltogenic amylase, e.g. , as 
contained in the strain DSM 11837. The plasmid contains the 
origin of replication, ori, from plasmid pUBXIO and an kanamyoin 
resistance marker for selection purposes, 

Ri imsr,. 

Site directed a nr. s of the maltogenic amylase having the amino 

; primer is used together in a PCR reaction with a suitable 

, i ^ >^ s a a rnsgaprim* cogs 
another opposite DNA strand end primer to create a doable- 
stranded DKh product, The product of the final PCR reaction was 
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derivative of Bacillus subcilis XS8 which is aprd opr., amyB", 
s amyR2* and prepared by methods known in the art, 

Oligonucleotide prmers use-.? .in the construct ion of described 
as lis? a below; 





h deyeaon.ce 










KG t 


3 


F188E; 


SEQ 




NO i 


4 


P2S4E: 


SEQ 


ID 


WO; 


: S 


F284D; 


SEQ 


ID 


HO. 


6 


F2 84K: 


SEQ 


ID 


NO: 




N3;;?::n 


SEQ 


10 


NO : 


s 


2ar.rar 








{3" 


T2S8K : 


SEQ 


ID 


HQ: 


: 9 


T288R: 




ID 


MO: 


10 



20 Aspartate variants of F284, T288 an.d N32? were obtained using 
primer A18S (SEQ ID HO: 12) and 364 9 (SEQ ID ®d 12) as end- 
primers , 

F188 - variants F18SL, T1S9Y were obtained using primer AS2 {SEQ 



s. rated I gax ase g 
i ^ -r " 5 v. l v.. l - ; n the 

In H 2 0, lig; + e.d t ~ i Sea C 
which had been digested with idne same appropriate enzymes, and 
transformed into Bacillus subciiia SHa2?3 . Trans iormants were 
checked for sice by colony PCE and for the insertion or remove 
of spec £ est ?ti site " enzyme digest xo 

Positive colonies were verified by DNA sequencing methods as 
described in tne art. 
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Perciexitattor 

The ~ , ■> ~- e„ s "u. v I.B- 

Kana {10 s.*g/ml} -Starch plates at 3?*C. The colonies from the 
plate were resuspended in 10 ml Laria broth. One. -sixth of each of 
the suspensions were inoculated into a 500 ml shake flasks 
containing 100 rrd PS-1 media, a soy msal/suerose- based media, 
kanamycin tor a final concent ration of 10 ^g/m.X and 100 u.l SK 
mOU The pH was id sted to ? 5 with MaOK before inoculation 
The cultures were incubated for five days at 30*C with shaking at 

p-&i t- - - * N & 1 N f u *■ 

Company) was used as the cat ionic floccuiant and Super £3 
(American. Cyanmide Company) as the anionic floccuiant. 




The culture suspension was diluted lei with deionised water and 
the pH was adjusted to approx.. 7.5, A volume of 0,01 ml of 5C7„% 
CaClj per ml diluted culture was added during stirring. A volume 
of 0.0.15 ml of 20 v /v% Na- a. luminals per mi diluted culture was 
titrated with 20% formic acid, while keeping the pH between ? and 
8, While stirring 0,025 ml 10 v /r% of €521 per mi diluted culture 
was added, followed by 0,05 nd 1*7,% A130 per ml diluted culture, 
or until flocculation was observed. The solution was oentrifuged 
at 4500 rpm for 30 minutes. Filtration was performed us.;. eg a 
filter of pore sice of 0,45 ptn to exclude larger particles and 
any > > at ~ 

2Q»C. 

One hundred mg of ;-. r -oyicode.xtri.o of oclsouiar weight &'?2,SSg/mol 
tlu :c'k^ a v- K»o c . * - w ^ bait'" > SVMaCl, 

pH 11} . Ten ml of DSV-agaross (Mini -Leak,. Medium 10-20 mmol/1 of 
di v i n nl f one a < e sc) was washed 

thoroughly with deionis-d water,, then dried by suction and 

i-t~ * - f fter the mlxtu had 
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stirred for 24 hr at ambient temperature th< g was >s ssh d : s 
deionized water, followed by G.SPi EHCXX. The gel was transferred 
to Che. blocking buffer (2 Or! 0 . SM PHOT. - 1 rl mercaptoethanol) .. 
stirred for 2 hr at ambient temperature,- then washed with 
do ionized water. 



The variants were purified by affinity chromatography using the 
Pharmacia FPLC System, A 0,04 volume of 1M Ma-acetate pH 5 was 
added to the filtrate obtained by fiocculation to adjust pH and 
CaCi v was added to a i inal concentration of.' 10 ;t M. The solut ion 
was filtered and degassed, A Pharmacia XKIS column was prepared 
with ten ml of the immobilised «»cyclodextrin r then equilibrated 
in the equilibration buffer (25 nM Na-aestate pH 5 5 by washing 
with approximately 10 times the colusnn volume. The filtrate was 
applied to the XE.16 column., which was then washed with the 
equilibration buffer until protein could no longer be detected in 
the washing buffer. The column was washed with the equilibration 
buffer containing 0 , 5M NaCl to elute nonspecific material, 
followed by another wash with 2-3 times the column volume of the 
equilibration buffer. All washings were performed using a flow 
rate of l"t. ' n Specifically bound material was e]uted using a 
solution of 2% a-cyciodextrin in the wash, buffer and collected 
using the Pharmacia Liquid Chroma! grapi o3 I % t< ; ) 0 SOC Plus 
using a flow rate of 5 ml/min. 



EXAMPLE 2 

pH dependent activity of variants 

The >. n ~ " -;-<r - , ,r ; „ - - : — c - 

activity at various pK values as follows. 

tot 1 « - - ^ the 

pH activity profiles of Che enzyme variants (Glucose/ GOD- S-erid* 
Method, Boehringer Mannheim, Indianapolis IN; , Activity was 
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values of 2, 2,5, 3, 3,5, 4 f 4,5, S, 5*5, 6, 6,5, 7, 7.5, 8 and 
8.6. The buffer pH was adiasted using HaOH and ensyrss were 
diluted in 23 m citrate-phosphate buffer pB 5, Measurements were 
taken in duplicate to obtain an average value. All values are 
itive to t tivit; 



The results, shown in the table below, indicate that each of the 
variants has an alteration in the cH dependent activity profile 
when compared to the parent maltogenxc amylase. The highest level 
of activity for each variant: la designated 100% and the activity 
of that variant measured at the other indicated pH values is a 
relative percentage of that maximum. 



Modificatio 


pH 


2. 

a 


2v 
5- 


3.. 
0 


3. 
5 


4, 
Q 


*> 

5 




€,■ 


6. 

5 


7, 


7 , 
5 


8, 

0 


8. 
6 


Hone 


0: 


0 


Q 


8 


-': V 


8 0 


10 

0 


95 


91 




66 


39 


35 


i 0 




I 


0 


0 


1 


3 


29 


7? 


%s 


10 

0 


88 


SS 


3 - 


31 


2'} ; 


F188E 


0 


0 


0 


2 


2/ 


bi 


89 


IS 
0 


93 


71 


45 


28 


20 


18 




0 


Q 


o: 


8 


51 


77 




10 
0 


«6 


73; 




34 


27 


12 


M327D 


i 


1: 


7 


27 


€7 


S3 




58 


77 


33 


19 


11 


5 


2 



arrh~- , „ -e-r-- s for 

activity at pH 4.0 and 5.0 ; taking the activity of the maltoaenic 
ass aving c ?x ot _ t c acids 1-68 

of SEQ ID Hud at the same pH as 100 %, The activity was 
detercened hp hydrolysis of roaltctriose UC mgbmo at Otbt 00 m 
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sodium acetate, 1 tnM CaCI-, The results ate expressed as the 
ratio between activity at pH 5.0 and pK 4.0: 



Modifications 


pH 5.0/pH 
4.0 


H131D 




0 ,24 


mm 




0.31 


0397P 




0.40 


HXQ3Y 




0,40 


A 262-266 




0x47 


4 D2S1Q 

4-Q449E 




0 . 50 


S32Q 




0,53 


S3 2D 




0 . 55 


TX42&+ 02 6 IS 




0 < 62 


8370$?* N371S 




0.65 


S32N 




0.68 


N17SS 




0.79 






0.80 


None {parent} 




1 






1 . 32 


192-A-193 




1.62 


■117** 




1.80 


I92-A-G-X93 




X . 90 


A 192 






F188L * 332 SIS 


■* T288P 


2.47 



s The results dernoesarace chat variants with a higher or lower pH 
as t . r .a ;\r ^ ^ c - " " 



55 

EXAMPLE 3 

Thermostability- of variants 



i s times in percent of 

initial activity: 



Variant 


0 


5 


10 


IS 


20 


25 


None {parent} 




.- 








0 


AX37F * D2 6 10 + 
T28SP 4 M42S 














&3oa*- msm 


100: 




24 








T2S3K 








18 






I T142&+ N327S* 
K42SE* 


ioo 








19 




* B2S1Q + 
T2 88P * 044 B R 


100 












K40R+ FX88X.+ 
A483T 


106 




« 


4 Q 


36 




F188L+ V336L+ T525A 




S3 




48 






FI88I* Y422Fs- IS 60V 


100 






51 






JELIS©* F1S8L 




73 




51 






F188L+ 0261G+ T288P 














F188L + D261G ~ 
f2SSR * A483T 










i 
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m&B 4 FISSL -f 


100 










OJJ61G * T28SP * 












T594A ^ 1600V 












H26S * T80A +■ F1S8L 












* X>2S1>3 + T2S8P * 












S2SXL 








— 





variants compared to Che parent amylase. Thus, a:;:er IS iTiinur.ee 
incubation at 80*C» a saraber of variants show at least 25 % 
residual activity, and some even show at least 50 % residual 
s activity, whereas the parent enzyme has essentially lose its 
activity , 

Ii^kahi.Qn...i3.t..„aSi£: 

The variant S32H was tested hy incubation with 1 mM Ca*" at 8S*C 
for 15 minutes- The variant showed a residual activity of 48 % 
10 whereas the parent enzyme (the maitogenic amylase having the 
amino acid sequence shown as amino acids 1-686 of SBQ ID NO; 15 
showed 32 % residual activity at the same conditions. 

Four variants and the parent enzyme were tested by incubating at 
is 90«C, pH 5.0, 50 tnM acetate buffer, 1 wM CaCu,, and neusvnc.ee 



the residual activity. The results m 










variant 


0 


xo 

mix*:. 


20 

min« 


30 \ 
m.in , 


Hone (parent) 


100 




0 




FI88L + B2SXG * 










M26S * FISSh f- D2SXG + T288P * 
* I'SOGV 






54 




mm + mm * fxssx, * m$i® + mm* 

* R2S1X. 










F18SL + mSJXS + T2S8F + A483T 


100 


54 


39 





WO 
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The variants show a clearly improved r , -. : -i. .:ry. Thus, the 

variants retain more than 3. 0 % tor ever more than 20 %} relative 

nty a 3 ( e k t 90 s z en 

enzyme loses all activity after 20 minutes, 

s D.Sfl 

I - -n f *• J DSC 

scan t saio* .r pH .. „, s. t 

4,0-5.5, Again, the parent:, enzyme ;>he maltoeenic amylase having 
the amino acid sequence shown, s amino acids 1-686 of SKQ ID MOcl) 
io was included for comparison. The results are expressed as the 
denaturation temperature (Tm) at the given pH: 



Modifications 


pH 4.0 


pH 4.3 


pH 5.0 


pH 5.5 


3*©se (parent) 


64°C 




83°C 


88*C 


mis®* risaL 




sbk: 




92«C 


TX42A+ X4aSS!+ KS20R* 








93°C 


+ D261Q * •tmW 


?s*e 




95*0 





The results show improved thermostability for each variant. One 
xs variant shows an improvement of more than 10 a C at pH 4.0 and 5,5, 

EXAMPLE 4 

Specific activity of variants 

^ a „, v~x i ; • 0 1 hh 

were as follows; 



Modi float io 


Relative amylase 


as 


activity 
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58 


Hone 


100 










192- A- 193 


110 




A (191-195) 


300 





» specific activity was i 
at pH 4.0, SG*C by the mmw method described above. The results 
showed that the variant G37CN, N371G has a maitotriose activity 
s of 106 % compared o the parent maltogenic amylase . 

EXAMPLE 5 

Inhibition of retrogradatioa 

The efficiency of the parent maltogenic amylase having the amino 
acid sequence shown as amino acmes i-636 of SEX) ID in'; : 1 and 
n> variants thereof to inhibit retrogradat ion was determined as 
follows? 

730 mg of SO % iw/'w) amylopeccin slurry in 0.1 M sodium acetate, 
at a selected pH (3.7, A . 3 or 5.5} was mixed with 20 #1 of .an. 
is enzyme sample, and the mixture was incubated in a sealed ampoule 
for 1 hour at 40°Ct followed by incubation at 100 6 C for 1 hour 
in order to gelatinise the samples . The sample was then aged for 
7 2 i - t * tallizai t the 

amylopectin. A control without enzyme was included. 

20 

to 9S°C at a constant scan rate of 90°C/hour, The area under the 
first endothermic peak in the thermogram was taken to represent 

the aimci vf --^tu ^ -jvhn add the relativ 

2& inhibition o: retrograde;; im; was taken as ths. area reduction (in 
%) relative to the control without enzyme. 



in the table below, the efficiency of the enzyme is expressed as 
the ratio of the relative inhibition of retrogradation to the 
.u; nevmc dosage 
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pH 


Modifications 




Relative 
inhibl t i on 


CY 


3v? 


&30ID* mm* D2gl<3 


0.23 


0<38 


1.7 




T142A+ M327S+ K425B+ 
X$20ft+ K59SX 


0 . 07 


0.2$ 


4 - 1 


3.7 


Honss (parent) 


0.27 


0,38 


1 . 4 




KAXwD-:- ifXSss.L< 




0 , IS 


18 


4.3 


Hone (parent) 


0.27 


0,43 


1 - 6 


5.5 




0 . 02 


0,12 


6 


5 - 5 


A (XSl-XgSj 








S . 5 




G . G5 


0 , 3 1 


8 , 2 


5,5 


HUSD* F188I* 


0.01 


G.39 


3.9 


5,5 


T142A+ D2SIG 


0,14 


0 . S3 




Sx 5 


Nona (parent) 




0,49 


1 .8 



The results demons tx-ate that a number ox -variants are more 
efficient than the parent amylase to inhibit retrogradation. 

Example 6 



Substrate specificity of variants 

The activity of variants was tested on two different substrates; 
glucose release from maitotriose and color release from Phadebas 

the amino acre sequence shown as amino acids 1-6SS of SEQ ID 

5, and each activity was expressed relative to the parent ensyc-e. 
The ratio of activities on the two substrates was found to ne as 



Variant 


Activity ratio 




S tarch/saal t o t r i 




ose 


Parent ensy^e 


1 , 0 



60 



FI88L, 


D2S1G, T2S8P 




3 


6 


F188L, 


P2SXSh T28«», 




5 


5 


1 1; V 0 V 










N2$S, 


T80A, F188L, D2S1G, 


mm?* 


a 


9 


R291L 












D281G.. T288P, H342B 








T142A, 


132618, T288P, Q449R 




2 


5 


F18S1, 


D261Gi T288P, A483T 






*5 



It can. foe seen that the 6 variants have an increased activity on 
starch relative to maltotriose, 

FXAMFLS 7 

Preparation of an ensyts&tically modified atarch 

10 MAK^J/g DS variant (the maltogenie amylase having the amino 
acid sequence shewn as amino acids 1--S8S of SEQ ID MO; I with 
P188L+D261G+T28SP substitutions) is added to a 30% (by weight of 
starch in water) suspension . The suspension is heated with direct 
steam {3*C per minute'; to 85*C, where after the starch solution 
obtained is maintained at 85 C C for 10 minutes. The converted 
starch solution obtained then passed through a jet -cooker where 
the enzyme is inactivated at 140*C for 45 seconds. The starch 
solution obtained is then diluted with water to about 20% by 
weight of dry substance and cooled to 50*0. The viscosity is then 
j v - — i I v. h 3 N the 

prepara t so'iuti sequent t,< 1,2,4, and 24 

hours storage in an oven. 

EXAMPLE 8 

Surf ace- sis ing of Paper 

An ensynsitically modified starch solution prepared in accordance 
with Example 9 is used as surface-sizing agent for paper. The 
modified starch solution is applied to a base paper in the form 
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T.H. Dixon? model XSO-B; roll hardness 80 shore) > The surface - 
sized paper is then dried with an air foil drier to a moisture 
content of 5% by weight. 

SXAMPLE 9 

High Purity Hal toss production using a ssaltogsnsse variant 

1400 g of waxy maize starch {American Ms ice Co.) {90% BS * 1250 
g) is suspended .1 X * e> to make a 25% DS 

slurry. pH is adjusted to 5.1. 8 g of a maltogenic amylase 
variant having an activity of 1S00 HAJKBf/g is added to the 
slurry. The definition of the enzyme activity unit MAKU appears 
from S547F-GB, which is obtainable on request from Novo dordisk 
A/S, novo Alie, DK~288C Bagsvasrd, Denmark. As a substrate in 
relation to the activity determination, carried out at pH 5 and 
at 37*C, is used real totr lose , which is degraded to glucose or 
maltose, which again is determined spectzophotomecrioaliy , 



The slurry is incubated in a water bath at 70*C for 4 6 hours. 
The reactor is coupled to an ultrafiltration module {pump: 
Sagholm, type BF 471M44; module : Mini-Lab 10, DOS EO-Divison, 
Denmark; UP membranes; Dow Denmark, Typo GR9 0PP , cut * 5000; 

reaction mixture is pumped through the membrane module with a 

During the reaction time 3000 ml of permeate is collected giving 



a permeate flux or 2000 ml /hour /m 2 . The initial inlet pressure 
is 2.1 bar and due to increase of concentration and viscosity of 
the reaction 2200 ml of deionzed water is added from time to 
time in order to keep the DS content in the reaction mixture at 
a reasonable level {about 25% DS) - 

The DS content and the density in the permeate is determined. 
The profile of the product is determined by HPLC, 

4.0 g of the above -indicated re? aetata is centrifuged at 4,000 
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an oven at 30*C over night. The precipitate is characterized by 
MME (Nuclear Magnetic Resonance} spectroscopy and GPC (Gel 
Permeation Chroma tog raphy } , For the THE experiment IS mg of the 
I -ctri e i.- die-five ' - . . -r . - c V-V < " r an 
abbreviation for Dimethyl Sulfoxide, and d« signifies that 6 

hydrogen atoms) by heating to about 50°C for about 1/2 hour. The 
imR * - ^ - - v-K f 300 

spectrometer. The a~b4/&-l' 4 ratio is determined by integration 
of signals from the « -T , 4 linkages (5r2 ppm) , the a -ends (Sbl 
ppm) , the a- 1,6 linkages (4.65 ppm) and the jy-ends (4.35 ppm). 

For the GPC experiment 10 rt;g of the precipitate is dissolved in 
4 mi DM SO . The v o three I 

A !30Q x 7.5 mm) column trot! P % \ < no in 

series using Waters HPLC (High Performance Liquid 
Chromatography) equipment . 

The molecular weight distribution of the samples is calculated 
from a calibration curve based on pullulan standards. 

BOt&MPbE 10 

1200 g of common corn starch (with a % DS of 90, be,, 
; , - - 3 drj starei is su pende e 4( b g 

de ionized water to make a 20 I DS slurry, pl-l is adjusted to 5,1. 
7 g of a maitogenic amylase variant having an activity of 1500 
j , e j err\ 

The slurry is incubated in a water bath at 70°C for 4 5 hours. 
The reactor is coupled to an ultrafiltration module (pump; 
Eaqhoim, type BP 4'TLM44 ; module: Mini- Lab 10, DOS kO-Divisicn, 
Denmark; UF membranes; Dor Denmark, Type TFTiHT. cut off 2000, 
filtration area: 0,0335 m*} , and during the incubation, t.he 

. flow of 54 0 1/hour giving rise to a retentate and a permeate. 
During the res .:: r ion time 1845 mi of permeate is collected giving 
a permeate flux, of 1194 fid/hour/iTT The initial inlet pressure 
is IT bar, and due to increase of concentration and viscosity 
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of the reaction mixture, the inlet pressure at the and of the 
reaction is 3.4. bar. During zhe reaction about 1000 ml of 
de ionized water is added from time to time in order to keep the 
DS content in the reaction mixture at about 20% DS . At the end 
s of the reaction the DS content in the reaction mixture is 
determined. 

The DS content and the density in the permeate are determined by 
HPLC , 

10 

i , <: . o ted retentate is > 
rpm fox 40 minutes. The precipitate and the supernatant axe 
separated and the precipitate is washed 4 times with de ionized 
water. The washed precipitate is dried in an oven at 50°C over 
is night, 0.9 g of precipitate is isolated. 

The precipitate is characterized by mm spectroscopy and GPC, 
Per the mR experiment 15 tag of the precipitate is dissolved in 
0.5 ml DMS0~d« by heating to about S0*C for about 1/2 hour, The 
20 HMR experiments are performed at 66°C using a Broker AC 300 
spectrometer. The co l ,4/a~l. 6 ratio is determined by integration 
of signals from the ct-1,4 linkages (5,2 ppm) ; the a -ends (5.1 
ppm) f the a up. 6 linkages (4,65 ppm) and the p-ends (4.3B ppm) > 

2S For the GPC experiment 10 eg of the precipitate is dissolved in 
4 mi DMSO. The samples are analyzed on three PLGel 20 ;rm MIXED A 
(300 x 7,5 mm} columns in series using Waters HPLC equipment. 

The r^„, __v- v_„< - * L ,vp\ - t it 

:so from a calibration curve based on pullulan standards . 



> 4.<F 31 

A 35 % dry solid stares (common corn starch} slurry was 

m^ti: 1 USJ.U-! t_- „ - -a- ttt - mt-.n h\.k h--m=- 

> O * 7- v. " - " .. 5 ~ _ - " n - a 

residence time of 5 minutes in the jets holding tubes. Jetting 
conditions ; pK 6.0, Enzyme dosage SO v (Termamyi AC)/ g ps. 
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Ca-- level 5 ppm. Temperature ids *C 

t er l 4 - en t ~ <• u j ) ' re - hee cox snt fox J bout 
15 minutes, 2 liters of starch slurry is collected after the 
jets flash coder. The starch slurry is transferred to 
laboratory flasks; pH is adjusted, to 2.5 and kept for 10 minutes 
in an oil bat in order to comj eel inactivate the ens rose 

The dextrose equivalent CDS) is measured. 

pH in the slurry is adjusted to 2.0., the temperature lowered to 
90 S C and a maltogsnic amylase variant MV 447 added (dose ID 
MMTu/q DS; . Samples are taken after 1,2,4,6 and 24 hours and the 
sugar profile determined by HPLCh 



EX&MPLE 12 

A 35 % dry solid starch (common corn starch) slurry was 
liquefied using a pilot plant jet cooking equipment (Hydroheater 
modei) - The flow was adjusted to SOD ml/min corresponding to a 
residence time of 5 minutes in the lets holding tubes. Jetting 
conditions pH as suplied, Temperature ISO «C, 

When the flow rate and temperature have been constant for about 
15 minutes, 2 liters of starch slurry is collected after the 
jets flash cooler. 

The - J - measured, 

SO *C and a ma! Oogenic amylase variant MV 447 added (dose 10 
MAdU/g DS) . Samples are taken after 1,2,4,6 and 24 hours and the 
sugar profile determined Oy HPLC. 

EXAMPLE 13 

a ■>« v. crv -nolid sr. i.e..:. rem - sr slurry was 
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v. u a N ^ > r 

Ca -level 5 ppm, Temperature 105 »C< 

When the flow rate and temperature have been constant for about 
15 minutes, 2 liters of starch slurry is collected after the 
s jets h cools* he starch t rred t a 

laboratory flask (reactor); pH is adjusted so 2 . 5 and kept for 
10 minutes in an oil bath in order to completely inactivate the 
enzymes , 

10 The dextrose equivalent (DE) la measured, 

pH in she slurry is adjusted co 5.0, the temperature lowered to 
90 *C and a maltogenic amylase variant m 447 added (does 10 
MANU/g DS5 . 

After 2 hours of incubation the starch slurry is diluted to 25% 
DS. The temperature is lowered to 70 «C\ The reactor is coupled 
to an ultrafiltration module (pump: Sagholm, type BF 471H44; 
j lu j ..-Lab 10, DDS k' N - dvison De nark; Ul 

20 Denmark, Type GR90P? , cut. oik 2000; filtration area; 0.0336 mw , 
and during the incubation, the reaction mixture is pumped 

rise to a reteniate and permeate. During the reaction time the 
permeate is collected. The initial inlet pressure is 2,1 bar and 
as due to increase of concentration and viscosity of the reaction 
de -ionised water is added from time to time in order to keep the 
DS content, in the reaction mixture at a reasonable level (about 
25% DS) , 

so The DS content and the density in the permeate is determined, 
The profile of the product is determined by H?LC. 

4C c f the abov*- ncic e " i centrcf sed n i 

t. m< )u t.. T - - - - c ^=>->- -t — , the 

as contrite ni ion were sspa tw e precipita was washed 4 

I F ^ o-~" -^wv. - T 
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PtMivr-r Chromatography) . For the LMR experiment: 15 tv? of the 
precipitate is dissolved in 0.5 ml DMSO-d« {DMSO is an 
abbreviation tor Dimethyl Sulfoxide, and a signifies that 6 
deuterium atoms are present in r.he DMSO molecule instead of 6 
hydrogen atoms} by heating to about 50 c c for about 1/2 hour, The 
NMR experiments are performed at 1 using a Bruker AC 300 
pre - x n > 5 1 - 'a- ^ rat, (> N o 

of signals from the a- 1,4 linkages 2 pps 

ppm) , the a- 1,6 linkages (4. 55 ppm) and the b-ends (4.35 ppm) . 

For the GPC experiment 10 mg of the precipitate is dissolved in 
4 ml DMSO. The samples ware analysed on three PLGei 2 0 ;.<m MIXED 
K (300 x 7.5 mm; columns (from Polymer Laboratories, England) in 
series using Waters HPLC (High Performance Liquid 
Chromatography) equipment . 

The molecular weight distribution of the samples is calculated 
from a calibration curve based on puliuian standards. 



A 35 % dry solid starch 
liquefied using a pilot plant jet cocking equipment 
1) . The flow was adjusted to 500 ml/mm 

time of 5 minutes in the jets holding 
ions t. pH as supiied,. Temperature- 150 *C, 



When the flow rate and temperature have been constant. 
15 minutes,. 2 liters of starch slurry is collected sf 
jets flash cooler. 



The dextrose equivalent (DE) is measured. 



pH in the slurry is adjusted to 5.0, the temperature lowered to 
90 «C and a maltogenio amylase variant MV 4*7 added ddose 10 
MAhu/c DS5 - 

ex 2 cm; ^utai t the starot- a u; - u - 25 

IP:. - - " - - i 
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to <a\ - L li t a (M i. ?a-"v., \i- U , 

taodule : Mmi-Lab 10, CDS RO-Dxvison. Denmark .= UF t . Dow 
Denmark., Type GR30PP , cut off 2000; f lit radon area; 0,0300 si*}, 
and during the incubation, the reaction mixture is pumped 
through the membrane module with a flow of 440 1/hour giving 
rise ; N < * " reaction tise the 

permeate is collected. The initial inlet press-are is 2,1 bar and 
due to increase of concentration and viscosity of the reaction 
de- ionized water is added from time to time in order to keep the 
DS content in the reaction, mixture at a reasonable level {about 
20% DS) . 

The DS concent and the density in the permeate is determined. 
The profile of the product is determined by HPLC . 

40 g of the above- indicated retexvtate is centrifuges at 4,000 
rpm for 40 minutes. The precipitate and the supernatant from the 
cent r. if ugation were separated and the precipitate was washed 4 
times with de- ionized water. The washed precipitate is dried in 
an oven at 50°C over night. The precipitate is characterized toy 
mR {Nuclear Magnetic Resonance; spectroscopy and GPC (Gel 
Permeation Chromatography) , For the HMR experiment 15 mg of the 
precipitate is dissolved in 0.5 ml DM0O--d s (DSS1SO is an 

deuterium atoms are present in the DMSO molecule instead or 6 
hydrogen atoms) by heating to about 50*0: for about 1/2 hour. The 
NMR experiments are performed at €0°C using a Bruker AC 300 
spectrometer. The a- 1 , 4/a-i/S ratio is determined by integration 
of signals from the a-1,4 linkages (5,2 ppm), the a- ends (5,1 
ppm), the a -1,6 linkages (4,05 ppm) and the b-ends (4.35 ppm), 

For the GPC experiment 10 mg of the precipitate is dissolved in 

4 i CkSC "h „„ _ -, « i - ;\ f i c 1 < ^ :h , v <[ 

A {300 x ms co mus r: : : '.yma: i . rr stories Sno and in 

series using Waters HPLC (High Performance Liquid 
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from a calibration curve i ;sed on pul ulan standards 



EXAMPLE 15 

A 35 I dry solid starch {common corn starch) slurry was 
s IiucP v. 1 - v " i 

model). The flow was adjusted to 500 ml/min corresponding to a 
residence t ime of 5 minutes in the jecs holding tubes. Jesting 
conditions : pK 6.0, Enzyme dosage 60 NU rrermamyl LC}/ g DS, 
Ca- level 5 ppm, Temperature 105 »C. 

When the flow rate and temperature have been constant for about 
15 minutes, 2 liters of starch slurry is collected after the 
jets flash cooler- The starch slurry is transferred to 
laboratory flasks? pH is adjusted to 2.5 and kept for 10 minutes 
is in an oil bath in order to completely inactivate the enzymes. 



The dextrose equivalent (BE) is measured. 



HANU/g DS) - After 2 hours reaction time the temperature is 
lowered to 60 °C and a debranohlng enzyme added {eromozyee D, 
dose; IhTUa/g DS) . Samples are taken after 0,1,2,4,6,24 hours 
and the sugar profile determined by KPLC . 



residence time of 5 minutes in the jets holding tube 
o,,n i„t,» v ~ , - ^ " < 



15 minutes, 2 liters of starch slurry is collected after the 
as lets flash cooler. 



The < - ' 15 * 



H in the slurry is adjusted to 5,0, the temperature lowered t 

0 *C and a maltogenic amylase variant MV 44? added (dose 10 
iS - a ours react t - temperature is 

-v * " 

ose : v " 4, $,24 hour 

nd the sugar profile determined by HPLC . 



CLAIMS 

I, A method for preparing maltose and/or a modified starch 
s comprising the following steps: 

I) treating starch with a variant of a maltogemc amylase 
having the amino acid sequence shown in position I-SSS of 
SSQ ID NO: 1, where the variant 

a) has rnaltogenic amylase activity; 

b) has at least 70% identity te position of. SEQ 
ID HO: 1, and 

o) has optimum maltcgenie amylase activity in the pH 
is range 3.5-7.0; and 

XI ; optionally recovering the maltose and /or the modified 
starch. 

20 2. The method according to claim 1, wherein the treated starch 
is raw starch. 

3, The method according to claim 2, wherein the raw starch is 
waxy maize starch. 

rhe method acccraincj ^ t ? vh 

with the rnaltogenic amylase variant, is carried out at a 
temperature, which is lower than the lowest temperature at which 
raw starch is gelatinised. 

i0 

S The method according to claim. 4, wherein the treatment, with 
the rnaltogenic amylase variant is carried out at a temperature 
in the range of from SS"C to ?hh : C. 

35 < * ► t <?- " ~ ^ <~ " *K~~15 !' *<. «- 

and/or the modified starch are recovered. 

?. The method according to claim e .. wherein the recovery of the 
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8. The rcath 

is carried out simultaneously with the treatment of the raw 
5 e variant , and that the 

temperature is above 40°C. 

9. The method according to claim 8.. wherein the temperature is 
above 5Q*C, preferably above &Q»C, such as above 65°C, e.g. in the 
range of from 65°C to 75 a C . 

10. The method according to any of claims I -St wherein she 
modified starch is a limit dextrin . 

11. Modified starch obtainable by the method defined in any of 
claims 1-10 . 

12. The method according to claim L wherein the treatment with 
the f 1 iss vi tarried out afte> 

gels tin! sat ion of the starch. 

. 13, t method a i -lain v < i tn with 

the maltogenio amylase variant is carried out at a temperature 
above 65*0, in particular above 70«C, such as above 75°Cy e.g. 
„t c > " e „ 

such as above 3S°C. 

14, The method according to claim 1, wherein the treatment with 

the. ma Ix jeni arm - s i ied oxh ;urine r aft ex 

the liquefaction, step, 

s 15, The method according to any of claims any of claims 12-14, 
sa ~ v s s s-cchsriri i s t s | 
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16. The method according to any of claims 1-15. for producing 
maltose syrup, such as a Low Maltose Syrup, a High Maltose 
Syrup, or ao Ultra High Maltose Syrup, or Speciality Syrups. 

17 . The met > accord! t 
at east 50% f e 

such as at least 80%, e.g. at least 90% after incubation with I 
m Ca** at pH 4.3.. at 80°C for 15 minutes, 

18. The method according to any of claim 1-17, wherein the 
i„o'i < o a „ _ ■>£ ^ i -c- 1 - o ~ 

corresponding to one or more of the following residues of the 
amino acid sequence set forth in SBQ ID NO; 1; 

LSI, L71, S?2, ¥74 , L75, L78 , T80, LSI , 08.3 , T84 , D8S , M86, T87, 
G8 B ,, Y89, H90, G9X, T94 , R95, X>96, F9? t V114, 1125.. V126, T134, 
■Gl$l. , Y167, F168, H169, H27Q, HI 71, G172, DX73 , 1174, SI 75, 
N176, D17S., 0179, R180, Y181, E182, A183, Q1B4 , KI86, N187, 
F188 f T189, D19C, A1S2, G133, F134, S195, LI 96 , L217, S235, 
G23S, V2S4, ¥279, V2S1, L286, V289, 1290, V308, L321, 1325, 
0326, L343, F349, S353, 1359, 14 OS, L448, Q449, L453, 1470, 
G50S, V515, SS33, GS2S , 1,627, L628 or A570. 

19. The method of any of claims 1-1.8, wherein, the variant 
comprises ore cc more sih t it ions :ori' ndi : tc t s; 
following substitutions in the amino acid sequence set forth in 

:".,217 in combination with L75, L217F/Y in combination with 
L7SF/V L51W, L7II, S72C, VlAl, L75N/D/Q/ I/V/F/Y , L75P/Y, 
L78N/I, L78I, T8G1/L/V/S/N/G, L81X/V/S/T/N/Q/K/ H, 
G83A/S/T/N/0/E/D/H/H/L, T84S/A/N/D/G, D3SA/T/ S/N/G , 
N86Q/S/D/Y/H/K,, T87S/1, GS8A/V/T/S, Y89F, H90N/Q/K., 
G91A/T/S/V/K, T94N/D/A/M/V/1/L, T34V/I/L, K9SK/Q, D96K/V/Q/I , 
FS7Y , V114V/I/L, 112BL/M/F/Y/^, V1261/L,. T134 V/I/L/M/F/Y/W, 
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YiSlR/F/C/L, E182D .. A183S/C7G, Q1S4E, K.I36R, 
Nl 87Q/E/L/F/H/K/V/L , PI 8 SY/W I / H / N , T 1 3 &N/D/A/ S/H/Y/G,, 
D130E/Q/H/N/K, A 1 9 2 T / D / E / 1 C / K , G1S3A/S/T, F194Y, S195N/D/B/R/K/G, 
LI 96 1, L217V/I/M/F/Y/W, S235I/L/M/F/Y/W, G236A/V/ I / L/M/F/Y/W . 
S v2 5 4 1 /L/M/ F / ¥ / W .. V2 7 / 1 /L/ F , V2 8 1 1 ,/L/M/ F/Y/V4 , l>2 8 6 F , V2 S 91 / 1»/R , 
I29QK/L./F, V308I/L/M/F/Y/V, L321I/M/F/Y/K, I325L/M/F/Y/W, 
D32SE/Q, L 43M F Y/W, F34 K/Y, S3 53 ' 3S9L/H/F/Y/W, 
I4G5M/L/Y/F/W, L44 SY, Q449Y, L4S2M/Y/F/W, I470M/L/F, 
GS09A/V/I/L/M/S/T/D/N, V515I/L, SS83V/I/L/V, 
10 GS2 SA/V/ I /L/M/F/Y/W , LS27M/F/Y, L628M/ I/F/Y/W or 
A670V/X/L/M/F/Y/W. 

20, The method according to any of claims I - 1.9 , wherein the 
maltogenic amylase variant shows an improved stability compared 

is to the polypeptide of SEQ ID HO: 1, 

21. The method according to any of claims X--2Q, wherein the 
variant comprises one or more substitutions corresponding to the 
following substitutions in the amino acid sequence set forth in 

20 SEQ ID NO : I J 

Q13 , 116, DI7, N26, K28, 929, A30, 832 , Y33 , G34, L35, K4 0, H45, 
97 3 . V74, D~6, N77, D7S, NS6, R95, W9B t 1100, Hi 03, QVW., N120, 



Ml 31 , 


&141, 


T142, 


A148, 


MIS2, 


A163, 


HXS&h 


11171, 


G172 , 


tin , 


14176, 


HI 87, 


F188, 


A192, 


Q2 01, 


M303, 


H220, 


M2 34, 


G236, 


0247, 


is K24B t 


D261, 


M264 , 


L268, 


R272, 


H275, 


N2 74. 


V27S, 


13280, 


¥281, 


D28S, 


N287, 


F2 97, 


0299, 


N305, 


K3XS, 


M320, 


L321, 


N32 7, 


A3 4 2 , 


N34 2, 


A348, 


0365, 


N37 L ; 


H37S, 


M37.S, 


G3 97, 


A.38X , 


F389, 


K4C1 , 


A403, 


K42 3 . 


N436 ; 


S442 : 


M454 f 


N468, 




S479, 


A4 83, 


A48S, 


¥487, 


S493, 


T494, 


S4 95, 


A43S, 


S497, 


A4 98, 


0500., 


N5C7, 


1510, 


30 N513, 


K52Q, 


0526 : 


AS5S, 


A564 f 


SB 73 , 


N575, 


0581, 


S583, 


F586 ; . 


K589, 


NSSS, 


G618, 


m2i f 


0624, 


AS29, 


F636, 


KF4 5, 


I4S64 


or T63 



22. The method according tc any of claims 1-21,. wherein the 

i5 ♦ -> suo-d^uuons e fh~ amino acid sequence ser. kmi in 

SBJQ ID MO: 1: 

K.4 0, V74, HI 03, SI 41.. T142, F188, H220, P2234, K249, D261 f [ 284, 
Y279, N34 2, H344, G3 97, A4D3, K425, S442, S479, 5M94, 
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S4SS i MSS, S4S7, A498, QSOO, K520 f ASS5 or E59S , 

23. The method according to any of claims 1-22, wher&in^&hs, . 
smria uie Ns - the 
following substi tut ions in the amino acid sequence - forth in 

K40E, VIA?, E103Y/V/I/L/F/Y, S143F, T142it ; F1S8X/L, H220Y/L/K, 

K249P., 02S1G, E268P., V27.9P, S3«2P, H344B/Q/H/D/ 7 , Q397P, 
A403P, K425E, S442P, S479P, S493P, T494P, S49SP, A4.96P, S497F f 
A498P, QSOOP, K520R, A5S5P or $5951 . 

24. The method according to any of claims 1-23, wherein the 
modification comprises an amino acid modification at a position 
corresponding to D17 ; K2 8 : 929, A20, 532, Y33, G34 , P. 99, HI 03, 
H131, H1S9, 1174 and/or Q201 soon as to improve calcium 
coordination, preferably a substitution corresponding to D17Q/E, 
A3QD/M/L/A/V/1/E/Q, S32D/E/N/Q, R9SM/L/A/V/I/E/Q. HI 0 3 Y/N/Q/D/E, 
MI31B,. HISSN/D/E/Ch I3.74E/Q, and or Q201S. 

i 25. The method according to any of claims 1-24, wherein the 
modification comprises a substitution an a position 
corresponding to Q13, E2S, d77, N86, H93 f Q1X9, 8120, N131, 

mm, m,'Ti f m?s, his?, 0201, necs, Erm, 0247, N2ss, mis, 

; M401, M43 6, N454, N468, N474, Q5QQ , BSD 7 , MSI 3, 0526 F575, 
Q53I, M921, Q624 and/ or H6 94 .such as so rem,-, u < " 
site, preferably a >>-""■, cosresponding to 
013S/T/A/V/L/I/F/M, N26S/7/A/V/L/I , N77S/T/A/V/L/I , 
N36S/T/A/ V ,/L IE- v,/7. CI 197 E N 2 ^ 3 ' T A V 3 ' T 

j K131S/T/A/V/E/2, N152T/S/V/L, N17XY/D/S/T, N1763/T/A/V/L/1 , 
m87S/T/A./V/L/ I ,. Q2C1S/T/A/V/ b/T/F/M, E203D/S/T/ A/V/L/I , 

I 224 S S i EE SS T/A/V/l 

E27SS/T/.VV/L/I, N27SS/T/A./V/L/1.. E230S/T/A/ V/L/I , 
E287S/T/A/V/E/I, Q2 33E/T/S, H320S/T/A/V/L/I , N 3 2 7 E / T / A / V / E / 1 

5 N342S/T/A/V./E/ :. .. 03653/3 /A/V/ 3/ I , NE7 1 S /T/A/V/L/ 1 , 
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- < r ft. V/L/l, N575S/T/A/V/L/I. C I ' v 

23. The me the 3 accorimq lo any of claims 1-25. ~xi Che 

Al 63*G1? 2, 1,2 68, V281, D28S, L321, F297, N3G5, K3I6, S5?3 ; A341, 
M378, A331, F389, A483, A486, 1510, ASS 4 , FSS6 , KSS9 , FS35, 
KS4 5,- A629, and/or T6S1 such as to improve hydrogen bond 

contact prefer > £ ubs ... ) con spending tt I16T/D/8 

L35Q, mSK, P73Q, D7SE, D73E/Y, AIS2S/D/H, 1 1 0 0 T / 3 / D / M / E / Q .. 
M48D/N/E/Q/S/T/R/K, A163Y+G172S/D/N, L268R/K, V28I/Q, D2S5R/K, 
L321Q f F297N/D/Q/E, N305K/R f K316M/D, S573N/D, A341R/K, M378E/K, 
A3S1S/D/N, F389Y, A483S,/D/Rb A486Q/E, I 5105/ K, A564S/D/N, 
F58SS/D/N,. -K58SS/D/0/N, F636Y, K64ST, A629N/D/E/Q, and/or 
T681D/N/E/Q/S. 

27. The method according to any of claims 1-26, wherein the 
modification comprises substitutions such as to introduce one or 
more inr.erdomain disulfide bonds , preferably corresponding to 
G236C * SS830, G618C *■ R272C, and/or A348C + V487C. 

T134, G157, L217,. S235, G238, V254 , V27S, V281, L286, ¥288, 
1290, V3Q8, 5321; 1325, D326, L343, F349, S353, 13S% 1405, 
L448, Q44SU 1.4 52 , 1470, GSQSu ¥515, 853 5, G825, LS27, L628 
and/or A670 so as to fill an internal cavity or crevice, 
■ preferably a substitution corresponding co 551W, L75F/Y , L78I, 
G88A/V/T, G91T/S/V/». TS4V/ I/L . VI llV/I/i, I I25L/M/ F/Y/P, 

fi si l, mmn/z n i W &ls % y/j i hitn t mt ; n 

S23 3 I /L/M < F / V / 1 , 02 3 8 A / V / 1 / 1,/M/F/Y/W , 72 54 ' / 5/ h\ F / 7 / 5 ,. 
V27SM/1/L/F, V2Sll/b/M/F/Y/W, 52865, ¥2 8 21/5/5, I290M/L/F, 
is V308I/L/H/P/Y/W, L32II/M/R/Y/Vb 1325L/M/ F/Y/W, D325S/Q, 
L343>3, F Y 'V. < I - ^ yc-y,-^ L U v , .'.,»i>M l ^ 

< - 3 i 5 F/W f 14 'OF, I tfl/t/f 

VS 1 S I / L , £ 5 8 3 V / 1 / L/ V , G 5 2 5 A / V / 1 / L/ M/ ?/ Y/ W , L6 2 7 M / F / Y , 
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LS2 8M/I/F/Y/W.- &S70V/ I/L/M/F/Y/V? and/or L217 in condonation with 
1.75 . 

29, The method according to any of cl earns 1-28, wherein the 
modification comprises a subsfcitutaoa at s position 

\'0~ z< ~>{ ~ 5 c f v %\ j , N % 2 < ' 

bridge, preferably a substitution corresponding to N106R, 
N32GB/D and/or Q624E. 

30, The method according to any of claims 1-29, wherein the 
>d.if.i i arise bst " a position 

corresponding to K24 4 and/or K316 ouch as to alter the charge 
distribution, prei rat as tit? ing to R24 4 

and/or K31SG/H/D. 

31. The method according to any of claims 1-30, wherein the 
modification comprises a substitution at a position 

site, preferably a substitution corresponding to V281Q and/or 

32. The method according so any oil claims 1-31, wherein the 
modification i» a substitution at a position, 
corresponding to Fi43-i-F134-i-L73 .. 

A 3 4 ■ + A3 4 6 L 3 9 B + 1 4 1 3 S14 3 3 LA h 4 + L4 6 5, L 5 5 ? , S 2 4 0 + 1 3 6 B ,. Q2 0 h , L 6 2 S , 
F4274Q5QG+N5Q7+M508+S573 and/or I51G+V62C such as to alter the 
etc .v\c (csc=: - - ~ ~ ^esersr] .-.ecu. .ani c^"to^- \ -o 
to F14 3 Y + P1S4 5T * 178Y/ F/W/ E/Q, 

A34lS/D/^3+A343V/I/L + L398E/Q/N/D^■I41Sig/Q+T4 3^D/E/Q/N*L464D/E + L46S 
D/E/N/O/R/K, LS57Q/E/M/D, 324QD/E/N/Q+L2S8D/E/N/0/R/K, 
Q2 0 30/ B/ Q+ LS 2 8 S / 0/ N / D , 

F4 27E/Q/R/K/y^O500y4.N507Q/E/D-H508K/E/E/Q-i-S5?:M)/E/d/Q, and/or 
15iOD/E/d/Q, 3; 'ay 0/ '\ ... 

to claim 1-32, wherein the variant 
the following substitutions; 
A197P, D2S1G, T28 8P, R291L, P3 4 2S, 




mo 
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34. The method according to claim 33, wherein the variant 
comprises the fallowing substitutions; 

-PI SSL , D2S1G, and T288P, 

-F188!, D2 61G, T2B8P. T5S4A and ISOOV, 

~N26S f T80A, F18SL, D2S1G, T2S8P and R231L, 

-&197F, D281G f T288P, and IOM2S, 

-T142A, D36IG, T288F, and Q449R, 

-F18SL, D2S1G, T2.88P, and Q449R, or 

-F18SL, D261G S T28SP, and M83T. 

35. A modified search obtainable by the method according to any 
of claims 12 to 34 . 

36. A process for surface-sizing and/or coating paper, wherein 
paper is treated with an aqueous sire or coating liquid that 
contains the modified starch defined in claim 35. 



37. Use of the modified starch defined in claim 35 for serf ace 
sizing and/or coating paper. 

38, Paper obtainable by the process defined in claim 36, 

39< Use of maltogenic amylase variant defined in claim 1 for 
>r epar i ng a mc 



40. A food product comprising an emulsion containing the 
modified ta ch is fined in -lairs 35, 

41. A food product according to claim 40., wherein the food 

42. v. - t h ~ * ann-a c dm . b^ the 
pi t i . " i - " ~ - i~ .a 

43 . A beverage f j an emulsion 
containing the modified starch defined in claim 35. 
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CT/SK 



44, A beverage flavour concentrate according to claim 43, 
further comprising flavouring oil (s5 , sweetener (s) and water, 

45, Use of the modified starch defined in claim 35 for the 
s preparation of a beverage flavour concentrate, 

45 A f i\ raring en comprisin Is ion containing the 

Lined is;) clain; 3S- 

io 47, Use of the modified starch as defined in claim 35 for the 
preparation of a beverage flavour agent . 




Fig, 1 
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Fig, 2 
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SEQSSgJCS LISTIKG 
<:i20> Method for production of realtosa and/ or eszymaticaiiy 

fRO<3 1 1 l'::d :> £ « iTCL 

<;130> 5035,204 
<140> 

<i4i> 

<11C> Paceneln Ver. 2-1 

«210> i 

<2li> 2160 

<212> DMA 

«2t3> Bacillus sp. 

<:220> 

«222> (100} . . (2157) 

«22C> 

<221> CDS 

«222> (1) . . (21«0) 

<400> a 

atg M3 asg aaa aeg ctt oct tfca tcs gtg gga ccg a eg etc etc ate 48 

mt Ays Aye Lyss Thr Leu S*r Ley Pha Val OSiy L«u Kec Leu Leu lie 

-.30 -25 -20 

ggt ctt ctg fctc ago ggt tct cut ccg cac sat cca aac gec get gaa 95 
Gly Leu Lea Fas Per Gly S<sr Aeu Pro Tyr Asxi Pro Asa Ala M& Olu 

• IS -10 -2 

«oc s<?c ago tec gca ago qtc as.a ggg gao gtg act tac oag afcfc ate 2.44 
Aia Per Sar Sea Ala Set- V&l ays Gly Asp Val He Tyr Bin He lie 
~X 1 5 10 IS 

att sac egg w; lac oa" ggg gac acq acq aac aac v;v ooa gec aaa a S3 
Ala Asp Arg ?ha Tyr Asp Sly Asp Thr Thr Asa Asm - Pro Ala Ays 

20 SS 30 

agt tat gga ctt tac gat ccg acc asa tag aag egg aaa af.g cac sgg 240 
See Tyr Gly Leu T/x &8p Pro Thr Ays Ser Ays Trp Lys Met Tyr Trp 
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35 40 

ggc g«jt aas etc et*9 aaa ~" s> c>.v> »^ v-tt -' . tat ctt aaa sag 233 
Gly GXy Asp Leu Gle Giy Val Arg Gin tys Leu Pro Tyr L&u Ays Sin 

SO :SS SO 

etg ggc eta acg aca ate tag ttg tec ccg get ttg gsc sat etg gat 535 
Leu Gly Val Thr Thr lie Trp Leu Sar Pre V'al L*u Asp Ass Lee Asp 

ss ?o n 

aca etg gcg ggc acc gat aac acg aye cat esc gga tac tgg acg egc 184 
Thr Leu Ala Gly Thr Asp Asn Thr Giy Tyr His Gly Tyr Trp Thr Arg 
m 85 SO SS 

gat v.tc aas eag at;: gag gaa cat tto gag aat tgg ace. aca ttt gac 452 
Asp Phe Lys <3lrs lis 01 u Git His Phe Sly Km Try Thr Thr Pre Asp 

loo %m no 

acg ttg gtc aat gat. get cac cm aac gga ate aag gcg ate gtc gac 480 
Thr Lap vaX Asa Asp Ala His Gla Asa Gly lis Lys Val lie V&l Asp 
115 120 125 

res gtg cc« aat cat teg act ces. ttt aag ge& sac gafc tec acc ttt; 328 
She Val Pro Asa His S«r Thr Pso She Lys Ala A«r» Asp Ser Thr Ph« 
130 135 140 

gcg gaa gee ggc gec etc tac aae aafe gga acc tat acg ggc sat tat 5?S 
Ala Giu Gly Gly Ala Leu Tyr Asa Asa Gly Thr Tyr Met Giy Ass* Tyr 
14 5 ISO 155 

ttt gat gac gca aca aas ggg fcac tec cac cat sat ggg gac ate age 624 
Phe Asp Asp Ala Thr Lys Giy Tyr Phe His Els Asn Gly Asp lie Ser 
160 165 170 17S 

sac tgg gac gac egg tae gag gcg ess tag aaa aac ttc aeg gat ees «?2 
Ask Trp Asp Asp Arg Tyr Giu Ala Gin Trp Lys Asa Aha Thr Asp Pre 
180 ISS 190 

gee ggc ttc teg ctt gec gat ttg teg eag gaa aat ggc acg att get 720 
Ala 3iy Phs ' sp Leu S , » x v*« Aia 

193 see 20S 

ca* tar ctg acc gat gcg gcg gtt caa ttg gca gca cat gga gcg gat 70S 
Gin Tyr Leu Thr Asp Aia Ala Val Gin Leu Val Ala His Gly Ala Asp 
210 2 IS 220 

ggc ttg egg act gac ac? gtg aag cat ttt aat teg gyg ttc t.ee aaa 310 
Gly Leu Arg Sis Asp Ala Val Lys His Phe Ate Set Gly Phe Sar Lys 



2 
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tea ttg gee gat aaa cLg t&c caa sag aaa gac att ttt erg gtg ggg 364 
S«r Lau Ala Asp Lys tec Tyr Gcc Lys Lys Asp lie- Phe L«» Val Sly 
240 245 250 2SS 

ga«t tag fese 93a gat gac ccc gga sea acr aat car. etg gaa aag gto 912 
Giu Trp Tyr Giy Asp Asp Pro Giy Thr Ala hsn His Lev; Glu Lys Val 
2SQ 2&B 270 

egg tac ccc sac aac age ggt gtc aat gtg efcg gat ttt gat etc sac S60 
Arg Tyr Ala Asn Asa Ser Giy Val ash Val SJe« Asp Phe Asp l>e« Asa 
275 230 265 

a eg gcg att cga aat. grg ttc ggc acs ttt. acg csa acq atg tac aac 5008 
Thr Val lie Arg Asa Val t?fce Giy Thr Phe Thr Gin Thr Mat Tyr Asp 
2 SO 23S 3 00 

ctt aac aat atg gtg aac eas acg ggg sac gag tac asa tac aaa gaa 1056 
Leu k&n Asr. M«t Val Asa Git Thr Giy Ass 0I« Tyr V?8 Tyr Lys Qlu 
305 310 315 

aat eta ate aca ttt ate gat aac cat gat atg tea aga ttt ctt teg 1184 
Ass L«u Ala Thr phe lis Asp ftsn His Asp Mat Ser Arg 1?be Leu Ser 
320 32S 530 335 

gta aat teg aac aag gcg aat ttg cac cag gcg ctt get etc att etc 1152 
Val ash Ser Asa &ys Ala Asa Levs His Gin Ala Lea Ala Phe lis X,«u 
340 345 350 

act teg egg ggt acg ccc tec ate tat tat gga ace gaa caa tac atg 1200 
Thr Ser Acq Giy Thr Pro Ser lie Tyr Tyr Giy Thr Gla Gla Tyr mt 
355 360 365 

qca gge ggc aat gac erg tac: aac egg ggg atg atg ttg gcg ttt gat 124 8 
Ala Giy Giy Asa Asp Fro Tyr Asa Arg Giy Mat Met Pro Ala Pas Asp 
370 375 380 

acg aca ace ace gec ctt saa gag gtg tea act etg gcg ggg ttg cgc 1236 
Thr Thr Thr Thr Ala Pha ays Gla Val Ser Thr J,au Ala Giy Lea Arg 
385 330 355 

agg sac aat gcg peg at? cag tae ggc a - ac ag cgt tgg ate G.H4 

Arg Asa Asx> Ala Ala lie Gla Tyr Giy Thr Tar Thr Gla Arg Trp Ila 

aac aat gat gtt tac att tat gaa egg aaa ttt ttc aac gat gtc gtg 1392 
Asa A.an Asp Val Tyr lie Tyr Qlu Arg Lys Pes Phc Asm Asp Val Tal 
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420 425 430 

teg gtg gee ate aat cga aac acg cm tec tec tat teg act tec ggt 1440 
iiis-a Val Ala He Asa Arg Asr. Thr Git! See Ser Tyr Ser lie Ser Cly 
43 5 440 44 5 

ttg sag a eg gec tug cea aat ggc age tat geg gat tat etg tea ggg 1483 
Leu Gla Thr Ma Leu Fro Asn Gly Ser Tyr Ala Asp Tyr Leu Ser Sly 
450 aSS 460 

etg ttg ggg ggg aac ggg ate tee gtt tee aat gga agt <jcc gee teg 1536 
Leu L*u Gly Giy Asa Gly lie Ser Val Ser Asts. Gly Ser Val Ala Ser 
«6S 470 *?« 

ttc acg xstt gcg ect gga gee gtg tct get tgg cag tac age aea tee 1S84 
Vhe Thr Leu Ala Pro Gly Ala. Val Ser Val Trp Sin Tyr Ser Thr Ser 



tea geg ceo eaa ate gga teg gtt get cea aat atg ggg ate eeg ism 
. set Ala Pre Gin lie Gly Ser Val Ala Pro Ask Met Gly lie Fro 
SOC SOS S10 



Gly Asa Val Val Thr lie Asp Gly Lys Gly *ha Gly Thr Thr Glu Gly 
SIS S20 S2S 

aee gtg aea ttt gge gga gtg aea gcg act gtg aaa tec tgg sea tee 
Thr Val Thr ?fce Gly Giy Val Thr Ala Thr Val Uys Ser Trp Thr Ser 
530 S3S 540 

ast egg att gaa gtg tac gtt ccc aac atg gec gec ggg etg aee gat 1776 
k&n Arg He Glu Val Tyr Val Pro Me Met. Ala Ala Gly Leu Thr Asp 
543 550 355 



Val Uys Val Thr Ms Gly Gly Val Ser Ser Asa Leu Tyr Ser Tyr Asm 
560 585 570 S?S 

art ttg agt gga acg eag aca teg gtt gtg ttt act gtg aaa agt gcg 1S72 

He Leu Ser Gly Ti-c: Gin Thr Ser Val Val Vhs Thr Val Lys Ser Ala 
S88 SS5 SSO 

■ret eeg aee aac etg ggg gat aag ate tac etg acg gge aae ata eeg 1920 

Pre »ro Thr Asa Leu Gly Asp Lys He Tyr Leu Thr Gly Asa lie Pre 

SS5 600 60S 

gaa tee ggg sat egg age acg gat acg age gga gec gtt aac aae gcg 1S68 

Giu Leu Giy Aae Trp Ser Thr Asp Thr Ser Giy Ala Val Asn Asn Ala 
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810 6X5 62 0 

caa qq<a ccc cfca C£c scq ccc &at ;:g, £ ccq qa t tgg ttt tat gta ttc 2016 

^ ^ ^ ~ , ?*o L s T « *^ <. *i ?h* 

6&5 630 835 

age gtt cca gca gga sag acg att caa ttc aag ttc ttc ate asq cgt 2 OS 4 
Sev v«l Pro Ala Gly Lys Thr < 1* M i« u Phe Pha He l y « Arg 



; : 4 ag a» . 



crcg gat: gga *cg *tt caa tgg < 

S70 



Thr Pro Thr Sly Ala Thr Gly Asn lie Thr Vai Thr Trp Gin Asn 



<3i3> 
<4 00> s 

Met Lye lv« i,y» Thr Leu Ser Leu Pne val Gly Leu Met Leu Leu He 



Ssr Ser Ala Ser Val Lys Gly Asp Vai lie Tyr Sin He U« 



Ser - - Tiff ' 



«iy Oly J 



«a Sly Thr Asp Asn Thr Gly Tyr His Oly Tyr Trp 
11.5 ISO 12S 
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Asp Pfie Lys Gin lie Olu Glu His ??ae Giy Asr: Trp Thr Thr Hie Asp 
130 13.5 1*0 

Thr Leu Val Asa Asp Ala His Gin Asn Gly lie Lys Val lis Val Asp 
145 ISO 1§5 ISO 

Phe Val Pro Asa His Sar The Pro Phe Lys Ala Asn Asp Ser Thr Pha 
165 l?0 ITS 

Ala Olu Gly Gly Ala Uta Tyr Asn Asn Gly Thr Tyr Met Gly Asn Tyr 
188 185 ISO 

Phe Asp Asp Ala Tnr Lys Gly Tyr Phe His His Asn Gly Asp 11a Ser 
155 200 205 

Asr, Trp Asp Asp Arg Tyr Olu Ala Gin Trp Lys Asn PAe Thr Asp Pro 
210 SIS 220 

Ala Gly j?hss Sec Leu. Ala Asp i»*u Sar Sin Glu Ask Gly Thr lie Ala 
225 230 235 240 

Gin Tyr t«u Thr Asp Ala Ala Val Ola Laa Val Ala His Gly Ala Asp 
24 5 2SS 255 

Gly tMi; Arg lis Asp Ala Val l»ys His Ph& Asa ser Gly Phe Ser Lys 
2€Q 2§5 

Ser Lea Ala Asp Lys Le« Tyr Gin Lys Lys Asp lie Phe Leu vei Gly 
275 2 SO 2 85 

Giu Trp Tyr Gly Asp Asp Pro Gly Thr Ala A.sn His t«u Glu Lys Val 
250 2#S 3 SO 

Arg Tyr Ala km Asn Sar Gly Val Asa Val Lex; Asp phe Asp Lan Asa 
MS 310 315 320 

Thr Val lie Arg Asa Val Phe Giy Thr Phe Thr Gin Thr mt Tyr Asp 
32 5 330 itS 

Leu Asn Asa Ket Val Ass Gin Thr Giy Asa Gia Tyr Lys Tyr Lys Glu 
340 34 5 350 

Asa Ley lie Thr Pisa Xia Asp Ask His Asp Mat Sar Arg Phe Leu Ser 
35:3 360 363 

Val Asa Ser Ask Lys Ala Asn Leu His Sin Ala Leu Ala Pha Xia Xmt 
,370 375 380 

6 
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Thr Ser Arg Gly Thr Pro Ser lie Tyr Tyr >3Iy Thr Glu Gin Tyr «ac 
385 390 3:35 4 00 

Ala Giy Gly Asm Asp Pro Tyr Asa Arg Gly Mas Met Pro Ala S>hs Asp 



Thr Thr Thr Thr Ala Vhs .Lys Glir vai Ser Thr Leu Ais Gly Leu hrg 
420 425 43 0 

teg Ass Asn Ala Ala lie 0-ixs Tyr Gly Thr Thr Thr Gin Arg Trp lis 
435 440 445 

Asxs Asa Asp Vai Tyr lie Tyr Glu Arg Lys Ph& Phe Asn Asp Val Val 
43Q 455 460 

Lau Val Ala lis Asa Arg Asn Thr Gin Ssr S«r Tyr Sec Xi« S#r Gly 
4SS 470 4Ts 480 

Leu Gin Thr Ala Leu Pro Asa Gly Ser Tyr Ala Asp Tyr .Leu Ser Gly 
485 4S0 435 

Leu Leu Gly Giy Asrs Gly lis Set- Val Ssr Asrt Gly Ser Vai Ala Ssr 
500 SOS 510 

Ph& Thr Jb*« Ala Pro Gly Ala Vai Ssr Vai Trp Ola Tyr Ser Thr S«r 
8: IS 528 525 

Ala Set Ala Pro Gin. He Gly Ser Val Ala Pro Asa n&z Gly lie Pro 



Gly Asa Val Val Thr lis Asp Gly Lys; Gly s?hs Giy Thr Thr Gin Gly 
545 550 S5S 560 

Thr Vai Thr Phe Gly Gly Val Thr Ala Thr Val hys Ssr Trp Thr s«r 
£65 570 575 

Asa Arg lie Glu Val Tyr Vai Pro Asa. Met Ala Aia Gly Leu Thr Asp 
580 585 590 

Val hys Vai Thr Ala Gly Giy Val Ser Ser Asn Laxa Tyr Sar Tyr Ass 
5SS 508 &0S 

lie Leu Ser Giy Thr Gin Thr Ssr Val Val Fhe Thr Vai Lys Ser Ala 
81:0 6 IS 020 

Pro Pro Thr Ash Lou Gly Asp Ays lie Tyr Lsu Thr Giy Asx; lie Pro 
525 S3 0 €35 640 
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Sly Leu Gly Asn Trp Per Thr Asp Thr Ser Gly Ala Val Aim A?;x Ala 



Gin Sly Pro Leu Leu Ala Pro Asm Tyr Pro Asp Trp Pho Tyr Val phe 
sso ess s.70 

Ser Val Pro Ala Gly Lys Thr lie Gin Phs Lys Ph« Phe lie Lys Arc 
67S S80 «as 

Ala Asp Gly Thr lis Sin Trp Glu Asm Gly Sor Asa His Val Ala Thr 
SSO 695 700 

Thr Thr oly Ala Thr Gly Asn lis Thr Val Thr Trp Gin Asm 
?os 7io -ns 



<2i0> 3 
<2ll> 3S 
<2X2> m& 

<213v Artificial S&qaene© 
■<23S> 

«2-23> Description of Artificial Sequeacer F 1SSH Pritsssr 

«400> 3 

gca&tggaaa asccacacgg at:ccagc~33 cttctcgc 38 



<210> 4 
<213> OSA 

<21S> Artificial Sequence 
«220» 

<223> Description of Artificial S«q«etJC« : ? 188 S Primer 

<4 00> 4 

xqaatgg m *acga aogg atccag egg ;ttctcgc 38 



<210> 5 
<211> 3S 
<S-I2> UNA 

< ?. 1 3 > Ar t i f i c i « 1 Sequence 
<220> 

e 
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<223> Description of Artificial Sequence; F 284E Srixaer 
ggtgtcaaca tgctgcsacga agstctca&c acgatg 



«2*0> € 
<2il> 36 
<2U> Dm 

<:21i> Artificial Sequence 



«223> Description of Artificial Sequence; F 2S4D Primer 
<40G> 6 

ggtoxoaatg ttctagatga tgatctcaac acggtg 



<210> 1 

<2\i> ;«s 

<AU2--> DMA 

«213» Artificial Sequence 
«220? 

<223> Description of Artificial Sequence: F 284K Primer 

<400> 7 
jgtgtcaatg 



<210> 8 
«31i> 3S 

«2ri» Artificial sequence 

<223> Description of Artificial Sequence-. N 327D Primer 
<-400> 8 

-acatttatc prcgstc&CQ a etgtc *g s.'ttc 35 



<213» Artificial Sequence 
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<22?> Description ct Artificial „\ * ^ T 288K Primar 
<400> § 

cc-ta-saacta gagctgttcc accaggceri- acac 34 



«2X©> 10 
«2XX> 34 

<2X3> Artificial Saqusncs 



<400> IS 



ii 

<2U» 22 

<213> artificial Sequenc* 
«Z2C> 

«223> Description of Artificial S«quenc* s A 139 Primsr 
<«00> XI. 

tgggcaatca tttts**g&e- 



<210> 12 
<2U> 20 
<212> Di)A 
-211 "it 



riptioa of: Artificial < -> 



«400> 12 

tccgcccgs* tccgcgcccc 



<2I2-> DiHA 

<:iii3> Artificial Sequence 
<220> 
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<223> Description of Artificial Segaefl.ce; ASS i>riw ; sr 
<s4C&s> 13 

ggggatctgg sgggggttcg 20 



<210> 14 
<211> 22 
<212> DSfA 

<2Vi> Artificial Sequence 



^ of Artificial saquer»eec B 348 Primer 



<400> 34 

tct^tacccg ttcecegfcfcfc. 
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! (02.09.99) 



) 9943793 M (NOVO HOT 



g accession no. 
a overlap 



Database Swlsspret, Accession no. P1953X, 1-17 
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claim I is constructed in such a t 
so broad and speculative that, it is not possible to carry out 
a meaningful complete search. See Art 17(2} (a). 



Claim I tsiis to characterise dee esed variants in a vay which 
is clear and concise. The expression "has at least 701 
identits to position 1-686 of ID MO*. 3 .ore: rc witi : \ 

cpt mere of 3.5-7 do not define the desired characteristics and 
properies :d the enzyme a definite way. The claim so lacks 
rt within the meaning of Article e PCT. 
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Box II 

Lack cf unity of invention 

The International Searching Authority is of the opinion that 
the present, applies: t ion lacks unity (rule 13.1 PCT) , It is 
considered that at least 3 different inventions, are claimed 
for i this application. Each invention relates to methods 
using variants of the maitouenic amylase havxn? the and no acid 
sequence SEQ TO NO;l, Since each mutation also can be seen as 
a separate invention there would be a huge number of 



The observation is based on the following reasons: 
is : 

The inventions relate tc methods tor preparing maltose and /or 

maltogenic amylase, The description indicates that the 
variants should be characterised by having improved stability 
especially by having improved thermostability. 



1,11, J : v : ; ~ " - 



The thermostable maltogenic amylase from Bacillus of the 
present application is disclosed in EP 0120693. It is most 
active at 60-70* C and is frequently used in the starch 

The * 1 s known from 

the Swissprot database, accession no PUSH, 01 feb 1991, 
Diderichsen et al. The amino acid sequence has 97,9% identity 

with the ami: acre EQ ID HOzl) oi 

the present claims. 

The preparation of thermostable oaicocenic amylase variants is 
made by well "known random mutagenesis methods. 

Unity of invention exists only when when there is a technical 
relationship among the claimed inventions involving one or 
5 - Nx i pecxal techni 

features''- i.e. features that del: me a contribution which each 
of the inventions makes over the prior art. (See Rule 13,2 PCX} 

It is not considered that the preparation and use of a 
variant, with improved stability., of the known maltogenic 
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amylase when preparing maltose and/or modified starcn is 
considered to make a contribution over prior art and is 
tans as fore not considered to constitute such 'hspaciai technical 
feature"' . 

oass raent , thars is s.i igl* i vend ' con g under!; 
the different la - venti thus - r y ii T , ' thin 

the sense of Art 17(35 (a) >?CT . 

In the light of the prior art the present application presents 
* t t a*-- t.n\\. o a sme^ti-m^ 



1 . A method for preparing maltose and/or codified search by 
treating starch with thermostable varants of the maitogertic 
amylase (SEQ ID MO:!} according to claims 13 and 28. Thase 
variants are prepared by filling or reducing the sias of 
intone! cavities and crevices, e.g. by introducing one or more 
hydrophobic contacts, preferably by introducing amino acids 
with bulkier side groups in the vicinity or surroundings of 
the cavity, 

2. A method by treating starch with variants having an altered 
Stability cue to an altered stabilisation of calcium (CA 2+ ) 
binding according to claim 24, 

3. A method, by treating starch with variants having improved 
stability by the introduction or one or more interdomain 
disulfide bonds according to claim 27. 

stability and on or more salt bridges as compared to seid 
parent antyma , Mat at ions at positions PICS, N320and pnd'l 
according to claim 29, 

method ware the variants used lack a deami nation site 
according to claim 25, 

7. A method ware the variants used have an aliased domain 
interaction according to claim 32. 

Othe ? t i ■-. sets mentioned 1 g claims 

18,, 19, 21,22, 23,. 33, 34 etc tan a' so be cons 3 

inventions. 

hs - 1 Sa~ s * V , 0 

additional fees, this Authority did not invite payment of any 
additional tea. 
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